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ABSTRACT 
- 
A v e g e t a t i o n  map o f  t h e  C r a t e r  Distr ic t  o f  H a l e a k a l a  
X a t i o n a l  P a r k  was produced  a t  a  , s c a l e  o f  1 : 2 4 , 0 0 0  which c a n  be  
used a s  a n  o v e r l a y  o f  t h e  Un i t ed  S t a t e s  G e o l o g i c a l  Su rvey  (USGS) 
t o p o g r a p h i c  q u a d r a n g l e  maps. F i f t y - t h r e e  s t r u c  t u r a l - f  l o r  i s  t i c  
communi t ies  were mapped which were g rouped  i n t o  f o u r  s t r u c t u r a l  
v e g e t a t i o n - t y p e s  ( f o r e s t ,  s c r u b ,  g r a s s l a n d ,  and h i g h  a l t i t u d e  
d e s e r t ) .  A r e a s  were c a l c u l a t e d  f o r  e a c h  community u s i n g  an elec- 
t r o n i c  p l a n i m e t e r .  The t o t a l  a r e a  mapped was 7 5 4 4 . 8  ha ( 1 8 , 6 4 3  
a c r e s ) .  
Topograph ic  v e g e t a t i o n  p r o f i l e s  were c o n s t r u e  t e d  which show 
c h a n g e s  i n  v e g e t a t i o n - t y p e s  i n  r e l a t i o n  to  c l i m a t i c  g r a d i e n t s .  
A l s o ,  ma tch ing  c o r r e l a t i o n s  were o b s e r v e d  between c e r t a i n  sub- 
s t r a  t e s  and communi t y - t y p e s  . 
P h y t o s o c i o l o g i c a l  a n a l y s e s  o f  r e l e v 6  ( v e g e t a t i o n  sample )  
d a t a  by t h e  s y n t h e s i s  t a b l e  t e c h n i q u e  and t h e  d e n d r o g r a p h  t e c h -  
n i q u e  r e s u l t e d  i n  e c o l o g i c a l l y  m e a n i n g f u l  g r o u p i n g s .  Both a n a l -  
y s e s  produced  s i m i l a r  g r o u p i n g s  though d e t a i l e d  compar i son  o f  t h e  
resul t s  o f  t h e  t w o  methods r e v e a l e d  i n t e r e s t i n g  minor  v a r i a t i o n s .  
Some r e l e v 6 s  were l e f t  ungrouped .  These  were i n t e r p r e t e d  a s  
un ique  community t y p e s  w i t h i n  t h e  s ampl ida  a r e a .  
The h y p o t h e s i s  t h a t  t h e  community- types  t h a t  a r e  c h a r a c -  
t e r i s t i c  o f  o t h e r  t r o p i c a l  a l p i n e  and s u b a l p i n e  e c o s y s t e m s  o c c u r  
i n  t h e  C r a t e r  D i s t r i c t  o f  H a l e a k a l a  N a t i o n a l  P a r k  was p a r t i a l l y  
I) s u p p o r t e d  by  t h e  map u n i t s  and p h y t o s o c i o l o g i c a l  a n a l y s e s  o f  t h e  
r e l e v 6  d a t a .  E r i c a c e o u s  (p i ik iawe- type)  s c r u b ,  t u s s o c k  g r a s s l a n d ,  
and h i g h  a 1  t i t u d e  d e s e r t  o c c u r  a s  mappable  v e g e t a t i o n  u n i t s .  
Only a r b o r e s c e n t  and r o s e t t e  l i f e - f o r m s  d i d  n o t  o c c u r  a s  mappable  
I* 
u n i t s .  However, a  r o s e t t e  l i f e - f o r m ,  Argyroxiphium sandwicense  
DC. ( s i l v e r s w o r d ) ,  d o e s  o c c u r  i n  t h e  s t u d y  a r e a  and may have  had 
a  w ide r  and more a b u n d a n t  d i s t r i b u t i o n  i n  t h e  p a s t .  
The h y p o t h e s i s  t h a t  t h e  v e g e t a t i o n  map o f  t h e  C r a t e r  D i s -  
t r i c t  o f  H a l e a k a l a  N a t i o n a l  P a r k  h a s  s i m i l a r  v e g e t a t i o n  u n i t s  and 
v e g e t a t i o n - t y p e s  a s  t h o s e  mapped by Mueller-Dombois and Fosberg  
( 1 9 7 4 )  f o r  t h e  t r o p i c a l  a l p i n e  and s u b a l p i n e  ecosys t em on  t h e  
s l o p e s  o f  Mauna b a  i n  Hawaii  Vo lcanoes  N a t i o n a l  P a r k  was sup- 
p o r t e d  by a  compar i son  o f  t h e  t w o  maps. 
V a r i a t i o n  o f  t h e  v e g e t a t i o n  w i t h i n  t h e  s t u d y  a r e a  was a s s o -  
c i a t e d  w i t h  v a r i a t i o n s  i n  c l i m a t e ,  s u b s t r a t e ,  m e c h a n i c a l  i n f l  u- 
e n c e s ,  and t h e  e f f e c t s  o f  e x o t i c  p l a n t  s p e c i e s .  C l i m a t e  d i a u r a m ~  
conf i rmed  t h e  t r o p i c a l  h i g h  moun ta in  c h a r a c t e r  o f  t h e  s t u d y  a r e a ,  
w h i l e  t h e y  a l s o  i l l u s t r a t e d  t h e  c o n s i d e r a b l e  v a r i a t i o n  o f  c l i m a t e  
w i t h i n  t h e  C r a t e r  a s  w e l l  a s  i t s  s e a s o n a l  v a r i a t i o n .  I t  was con- 
c l u d e d  t h a t  t h e  d i u r n a l  ( d a i l y )  f r o s t  bounda ry ,  a s  i n d i c a t e d  by 
t h e  v e g e t a t i o n ,  s h o u l d  b e  used to d e f i n e  t h e  lower l i m i t  o f  t h e  
a l p i n e  zone i n  t r o p i c a l  h i g h  moun ta in  a r e a s .  T h i s  c o n c l u s i o n  
i m p l i e s  t h a t  t h e  s u b a l p i n e  zone  b e  d e f i n e d  a s  t h o s e  a r e a s  be low 
t h e  d i u r n a l  f r o s t  boundary  and above t h e  montane f o r e s t s  and 
g r a s s l a n d s .  
RECOMMENDATIONS 
1. F e r a l  g o a t s  a r e  a  s e r i o u s ,  d i s r u p t i v e  f o r c e  on  a l m o s t  a l l  t h e  
v e g e t a t i o n  and env i ronmen t  o f  t h e  C r a t e r  Dis t r ic t .  T h e s e  a n i m a l s  
s h o u l d  b e  e l i m i n a t e d  from t h e  Pa rk  by  b u i l d i n g  a h a r r i e r  f e n c e  
a round a l l  b u t  t h e  e a s t e r n  s i d e  o f  t h e  d i s t r i c t  p e r i m e t e r .  On 
t h e  e a s t e r n  boundary  t h e  f e n c e  s h o u l d  p e n e t r a t e  t h e  r a i n  f o r e s t  
f o r  a t  l e a s t  o n e  q u a r t e r  mile .  Once t h e  f e n c e  is comple t ed  a l l  
f e r a l  g o a t s  i n  t h e  d i s t r i c t  s h o u l d  b e  removed o r  d e s t r o y e d .  
2. F e r a l  p i g s  have  e x t e n s i v e l y  damaged much o f  t h e  n o r t h e r n  
boundary  o f  t h e  C r a t e r  D i s t r i c t .  These  a n i m a l s  a r e  n o t  r e s i d e n t  
w i t h i n  t h e  P a r k .  They s h o u l d  b e  p r e v e n t e d  from f o r a g i n g  i n  t h e  
P a r k  by  c o n s t r u c t i n g  and m a i n t a i n i n a  a s u i t a b l e  b a r r i e r  f e n c e .  
3. A l l  c a m p s i t e s  and c a b i n  a r e a s  s h o u l d  b e  managed to  p r e v e n t  
any  f u r t h e r  d e g r a d a t i o n  o f  t h e  e n v i r o n m e n t  a round  t h e  s i t e s .  
Some s i t e s ,  p a r t i c u l a r l y  a t  ~ a l i k u ,  s h o u l d  b e  r e s t o r e d .  
4 .  T h e  mgmane f o r e s t  i n  t h e  c e n t r a l  and e a s t e r n  segmen t s  o f  
t h e  C r a t e r  a p p e a r  to be  d i m i n i s h i n g  w i t h o u t  any  s i g n s  o f  r e g e n -  
e r a t i n g .  T h i s  problem s h o u l d  b e  e v a l u a t e d  and c o r r e c t i v e  manage- 
ment a c t i o n  t a k e n  where n e c e s s a r y .  
5. Pu 'u  N i a n i a u  is a  s e v e r e l y  d e g r a d e d  a r e a .  A r e s t o r a t i o n  
management p l a n  s h o u l d  be  f o r m u l a t e d  and implemented.  
6 .  S e r i o u s  c o n s i d e r a t i o n  s h o u l d  be  g i v e n  t o  removing a l l  e x o t i c  
p l a n t s  a round  P a r k  b u i l d i n g s  and r e s t o r i n g  t h e  n a t i v e  v e s e t a t i o n  
i n  t h e s e  a r e a s .  
7 .  Implement management p rog rams  t o  e r a d i c a t e  k i k u y u g r a s s ,  
g o r s e ,  c a s t o r  b e a n ,  Maui p z ' m a k a n i ,  and b l a c k b e r r y  from t h e  
C r a t e r  Dis t r ic t .  
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INTRODUCTION 
I n  p l a n n i n g  to p r o d u c e  a  map o f  t h e  d i s t r i b u t i o n  o f  v e g e t a -  
t i o n  i n  t h e  C r a t e r  Distr ic t  o f  H a l e a k a l a  N a t i o n a l  P a r k  and to  
r e l a t e  t h e  o b s e r v e d  v e g e t a t i o n  p a t t e r n s  to  e n v i r o n m e n t a l  f a c t o r s  
c e r t a i n  q u e s t i o n s  have  to  b e  answered .  F i r s t ,  what  e n v i r o n m e n t a l  
c o n d i t i o n s  and p l a n t  communi t i e s  c a n  b e  e x p e c t e d  i n  a  t r o p -  
i c a l  a l p i n e  and s u b a l p i n e  ecosys t em?  Second,  what have  o t h e r  
r e s e a r c h e r s  found  from t h e i r  s t u d i e s  i n  Haleaka lZ?  F i n a l l y ,  what  
methods  s h o u l d  b e  used to a c c o m p l i s h  t h e  s t a t e d  o b j e c t i v e s  o f  
t h i s  s t u d y ?  A s u r v e y  o f  t h e  l i t e r a t u r e ,  t h e r e f o r e ,  was under -  
t a k e n  to  s e e k  t h e  d e s i r e d  i n f o r m a t i o n .  
T h i s  l i t e r a t u r e  r e v i e w  b e g i n s  w i t h  a  d i s c u s s i o n  o f  t r o p i c a l  
a l p i n e  and s u b a l p i n e  a r e a s  t h r o u g h o u t  t h e  wor ld .  Env i ronmen ta l  
f a c t o r s  t h a t  a r e  e c o l o g i c a l l y  i m p o r t a n t  i n  t h e  t r o p i c a l  a l p i n e  
and s u b a l p i n e  z o n e s  a r e  f i r s t  s u r v e y e d .  T h i s  d i s c u s s i o n  l e a d s  
i n t o  a  r e v i e w  o f  t h e  p rob lems  e n c o u n t e r e d  i n  a l t i t u d i n a l  z o n a t i o n  
o n  t r o p i c a l  h i g h  m o u n t a i n s .  F i n a l l y ,  t h e .  p l a n t  community t y p e s  
t h a t  a r e  t y p i c a l  o f  t r o p i c a l  a l p i n e  and s u b a l p i n e  a r e a s  a r e  
r e v  iewed . 
Next ,  s t u d i e s  c o n c e r n e d  w i t h  v a r i o u s  a s p e c t s  o f  t h e  C r a t e r  
Distr ic t  o f  H a l e a k a l a  N a t i o n a l  P a r k  a r e  examined.  The s e c t i o n  
b e g i n s  w i t h  a  d i s c u s s i o n  o f  t h e  g e o g r a p h y  o f  t h e  s t u d y  a r e a .  
Nex t ,  t h e  p h y s i c a l  e n v i r o n m e n t  is  d e s c r i b e d  w i t h  d i s c u s s i o n s  o f  
t h e  g e o l o g y ,  s o i l s ,  and  c l i m a t e .  D e s c r i p t i o n s  o f  t h e  f l o r a  and 
f a u n a  o f  t h e  a r e a  i l l u s t r a t e  t h e  b i o t i c  r e s o u r c e s .  F i n a l l y ,  a  
r e v i e w  o f  e c o l o g i c a l  s t u d i e s  i n  t h e  C r a t e r  Dis t r ic t  shows t h a t  
l i t t l e  r e s e a r c h  h a s  been  a d d r e s s e d  to t h i s  t r o p i c a l  a l p i n e  and 
s u b a l p i n e  ecosys t em a s  a  whole .  
T h i s  s u r v e y o f  t h e  l i t e r a t u r e  ( W h i t e a k e r  1 9 7 9 )  h a s  shown 
t h a t  i n  d i f f e r e n t  t r o p i c a l  a l p i n e  and s u b a l p i n e  e c o s y s t e m s  s i m -  
i l a r  p l a n t  communi t i e s  h a v e  been  d e s c r i b e d  a t  e q u i v a l e n t  e l e v a -  
t i o n s .  T h i s  s i m i l a r i t y  i s  t h e  r e s u l t  o f  c e r t a i n  e n v i r o n m e n t a l  
f a c t o r s  which have  had a  s i m i l a r  e v o l u t i o n a r y  i m p a c t  o n  p l a n t s  i n  
s p i t e  o f  t h e i r  g e o g r a p h i c  i s o l a t i o n .  C h a r a c t e r f  s t i c  community- 
t y g e s  o f  t h e s e  t r o p i c a l  h i g h  moun ta in  a r e a s  a r e  e r i c a c e o u s  
( p u k i a w e - t y p e )  s c r u b ,  t u s s o c k  g r a s s l a n d ,  a r b o r e s c e n t  and r o s e t t e  
l i f e - f o r m s ,  and h i g h  a l t i t u d e  d e s e r t ,  A g e n e r a l  h y p o t h e s i s  was 
p roposed  which s t a t e s  t h a t  t h e s e  same community- types  t h a t  have  
been  d e s c r i b e d  f o r  o t h e r  t r o p i c a l  a l p i n e  and s u b a l p i n e  e c o s y s t e m s  
o c c u r  i n  t h e  C r a t e r  D i s t r i c t  o f  H a l e a k a l a  N a t i o n a l  P a r k .  
Mueller-Dombois and Fosbe rg  ( 1974 ) h a v e  pub1 i s h e d  a  l a r g e -  
s c a l e  v e g e t a t i o n  map f o r  Hawaii  Vo lcanoes  N a t i o n a l  P a r k  o n  t h e  
i s l a n d  o f  Hawail i .  The P a r k  i n c l u d e s  t h e  summit o f  Mauna Loa a t  
3968 m ( 1 3 , 0 1 8  f t )  and e x t e n d s  to t h e  s o u t h e a s t  c o a s t l i n e  o f  
Hawail i .  Thus i t  i n c l u d e s  an  a l p i n e  and s u b a l p i n e  ecosys t em o n  
t h e  uppe r  s l o p e s  o f  Mauna Loa. S i n c e  i t  was p l anned  f o r  t h i s  
s t u d y  to  u s e  s t r u c t u r a l - f l o r i s t i c  map u n i t  symbols  s i m i l a r  t o  
t h o s e  used f o r  t h e  map o f  Hawaii  Vo lcanoes  N a t i o n a l  P a r k ,  a  
second  h y p o t h e s i s  was p roposed .  T h i s  h y p o t h e s i s  s t a t e s  t h a t ,  
whe reve r  s i m i l a r  s u b s t r a t e s  and c l i m a t i c  c o n d i t i o n s  occur,  t h e  
v e g e t a t i o n  map o f  t h e  C r a t e r  D i s t r i c t  o f  H a l e a k a l a  N a t i o n a l  P a r k  
w i l l  h ave  s i m i l a r  v e g e t a t i o n  u n i t s  and v e g e t a t i o n - t y p e s  a s  t h o s e  
mapped by Mueller-Dombois and Fosbe rg  ( 1 9 7 4 )  f o r  t h e  t r o p i c a l  
a l p i n e  and s u b a l p i n e  ecosys t em on  t h e  s l o p e s  o f  Mauna Loa i n  
Hawaii  Vo lcanoes  N a t i o n a l  Pa rk .  
To t es t  t h e s e  h y p o t h e s e s ,  t h e  o b j e c t i v e s  o f  t h i s  s t u d y  were 
t w o - f o l d ,  t h e  second  b u i l d i n g  upon t h e  f i r s t .  The f i r s t  o b j e c -  
t i v e  was to  p roduce  a  l a r g e - s c a l e  v e g e t a t i o n  map t h a t  i n d i c a t e s  
t h e  v e g e t a t i o n  o f  t h e  C r a t e r  D i s t r i c t  o f  H a l e a k a l a  N a t i o n a l  P a r k  
u s i n g  s t r u c t u r a l - f l o r i s t i c  map u n i t  symbols  s i m i l a r  to t h o s e  used 
f o r  Hawaii  Vo lcanoes  N a t i o n a l  P a r k  b y  Mueller-Dombois and Fosbe rg  
( 1 9 7 4 ) .  Mapping was t o  b e  accompl i shed  u s i n g  a e r i a l  p h o t o g r a p h s  
and s u b s e q u e n t  g round p r o o f i n g  i n  t h e  f i e l d .  These  v e g e t a t i o n  
u n i t s  were t h e n  to  b e  v e r i f i e d  and a u a n t i f i e d  u s i n g  r e l e v g s  
( v e g e t a t i o n  s a m p l e s )  p l a c e d  t h r o u g h o u t  t h e  s t u d y  a r e a  and t h e  
d a t a  were t o  b e  a n a l y z e d  s t a t i s t i c a l l y .  
The second o b j e c t i v e  was to  a s s o c i a t e  t h e  mapped v e g e t a t i o n  
p a t t e r n s  w i t h  e n v i r o n m e n t a l  f a c t o r s  o b s e r v e d  or measured i n  t h e  
f i e l d  d u r i n g  t h e  r e l e v e  a n a l y s i s .  A l s o ,  e n v i r o n m e n t a l  d a t a  were 
t o  b e  assembled  from b o t h  p u b l i s h e d  and u n p u b l i s h e d  s o u r c e s .  
Topograph ic  v e g e t a t i o n  p r o f i l e s  and c l i m a t e  d i a g r a m s  were to  b e  
c o n s t r u c t e d  t o  i l l u s t r a t e  t h e  r e l a t i o n s h i p s  o b s e r v e d .  
T h i s  s t u d y  was a l s o  i n t e n d e d  to b e  a  b a s e  f o r  f u t u r e  
r e s e a r c h  and p a r k  managment. Mueller-Dombois and E l l e n b e r g  
( 1 9 7 4 )  g i v e  s e v e r a l  ways v e g e t a t i o n  maps may b e  u s e f u l  d u r i n g  
d i f f e r e n t  s t a g e s  o f  a n  e c o l o g i c a l  i n v e s t i g a t i o n  o f  a n  a r e a .  Maps 
c a n  b e  used a s  a  framework f o r  r e s e a r c h  s i n c e  t h e  v e g e t a t i o n  o f  
a n  a r e a  is s u b d i v i d e d  i n t o  r e l a t i v e l y  homogeneous u n i t s .  Maps 
c a n  p r o v i d e  a  b a s i s  f o r  d i s t r i b u t i n g  sample  p l o t s  t h a t  may b e  
used to d e s c r i b e  t h e  f l o r i s t i c  c o n t e n t  o f  t h e  e s t a b l i s h e d  u n i t s ,  
t e s t  t h e  v a l i d i t y  o f  t h e  s u b d i v i s i o n s ,  o r  v e r i f y  t h e  b o u n d a r i e s  
drawn o n  t h e  map. Sample p l o t s  c a n  a l s o  b e  a d e q u a t e l y  d i s -  
t r i b u t e d  i n  t h e  s e n s e  o f  g e o g r a p h i c  d j  str i b u t i o n  and v e g e t a t i o n  
v a r i a t i o n  w i t h  t h e  u se  o f  a  map. Maps c a n  a l s o  a i d  i n  c l a s -  
s i f y i n g  v e g e t a t i o n  s i n c e  mapping t h e  v e g e t a t i o n  w i l l  t es t  t h e  
c l a s s i f i c a t i o n  by f o r c i n g  t h e  i n v e s t i g a t o r  t o  accommodate a l l  
v a r i a t i o n s  i n  h i s  scheme. Maps b a s e d  s t r i c t l y  o n  e x i s t i n g  vege-  
t a t i o n  form a  d o c u m e n t a t i o n  l l f r o z e n "  i n  time and t h u s  c a n  b e  used 
a s  a  b a s e  f o r  s u b s e q u e n t  s u c c e s s i o n  s t u d i e s  o r  o t h e r  c h a n g e s .  
Maps c a n  b e  used to show t h e  d i s t r i b u t i o n  o f  a  s p e c i f i c  v e g e t a -  
t i o n  u n i t  b y  a r e a l  s h a d i n g  o r  by d o t s  o n  t h e  u n i t  b e i n g  i n v e s -  
t i g a t e d .  Maps b a s e d  o n  c u r r e n t l y  e x i s t i n g  v e g e t a t i o n  c a n  b e  
compared to e n v i r o n m e n t a l  maps and c a n  t h e r e b y  a i d  i n  t h e  c a u s a l  
a n a l y t i c a l  r e s e a r c h  o f  p l a n t  communi t i e s .  F i n a l l y ,  maps c a n  b e  
used f o r  a p p l i e d  p u r p o s e s  i f  t h e  v e g e t a t i o n  u n i t s  r e f l e c t  t h e  
f a c t o r s  o f  t h e i r  h a b i t a t s  c l o s e l y  and t h e r e b y  p r o v i d e  t h e  b a s i s  
f o r  t h e  p r o d u c t i o n  o f  h a b i t a t  maps. These  h a b i t a t  maps c a n  i n  
t u r n  b e  used to show t h e  s u i t a b i l i t y  o f  a n  a r e a  f o r  p a r t i c u l a r  
p u r p o s e s ,  s u c h  a s  f o r e s t r y ,  s p e c i e s  r e i n t r o d u c t i o n ,  e t c .  
L a r s o n  ( 1969) e d i t e d  a  r e p o r t  t h a t  i n c l u d e s  a  s i m p l e  v e g e t a -  
t i o n  map a t  a  s c a l e  o f  a p p r o x i m a t e l y  1:62,500 f o r  t h e  H a l e a k a l h  
C r a t e r  a r e a  t h a t  d i s t i n g u i s h e d  o n l y  f o u r  t y p e s  o f  v e g e t a t i o n  
based  on  form: s h r u b ,  m a r g i n a l  r a i n  f o r e s t ,  sh rub - savannah ,  and 
s c a t t e r e d  s h r u b  and b a r r e n  a r e a s .  The p r o d u c t i o n  o f  d e t a i l e d  
v e g e t a t i o n ,  s o i l ,  t o p o g r a p h i c ,  and  c l i m a t i c  o v e r l a y  maps was 
recommended a s  needed  r e s e a r c h .  The f o l l o w i n g  s t u d y  i s  o n e  s t e p  
towards  t h e  f u l f i l l m e n t  o f  t h a t  need .  
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T r o p i c a l  a l p i n e  and s u b a l p i n e  a r e a s  i n  t h e  m r l d  a r e  s u b j e c t  
to  a  number o f  common e n v i r o n m e n t a l  f a c t o r s  i n  s p i t e  o f  t h e i r  
b i o g e o g r a p h i c  i s o l a t i o n .  Higher  r a d i a t i o n  i n t e n s i t y  e s p e c i a l l y  
a t  t h e  s h o r t - w a v e l e n g t h  ( b l u e )  end o f  t h e  e l e c t r o m a g n e t i c  spec -  
t rum,  f o r  example ,  i s  a  c h a r a c t e r i s t i c  common to a l l  t h e s e  h i g h  
a l t i t u d e  a r e a s .  T h i s  h i g h e r  i n t e n s i t y  i s  r e l a t e d  to t h e i r  topo-  
g r a p h i c  p o s i t i o n s  which a r e  above  t h e  g e n e r a l  s c r e e n  o f  oxygen ,  
d u s t ,  w a t e r  v a p o r ,  c l o u d s ,  and  c a r b o n  d i o x i d e .  These  m a t e r i a l s  
a r e  r e t a i n e d  i n  t h e  l ower  a t m o s p h e r e  by  t h e  i n v e r s i o n  l a y e r  where 
t h e y  a b s o r b  o r  r e f l e c t  s o l a r  r a d i a t i o n .  The e v o l u t i o n  o f  f l a t ,  
s i l v e r ,  o r  g r e y  h a i r s  o n  t h e  l e a v e s  o f  s e v e r a l  a l p i n e  s p e c i e s  is 
s e e n  a s  an  a d a p t a t i o n  to w i t h s t a n d  t h i s  r a d i a t i o n  by  i n c r e a s i n a  
t h e  a l b e d o  o f  t h e  p l a n t  ( C a r l q u i s t  1 9 7 0 ) .  
I n  a l p i n e  and s u b a l p i n e  a r e a s ,  t h e  d e c r e a s e  i n  t e m p e r a t u r e  
w i t h  i n c r e a s i n g  e l e v a t i o n  is d e s c r i b e d  a s  an  i m p o r t a n t  e n v i r o n -  
m e n t a l  f a c t o r .  T h i s  r e l a t i o n s h i p  be tween  t e m p e r a t u r e  and e l e v a -  
t i o n  c o n t r i b u t e s  t o  a  c e r t a i n  a 1  t i t u d i n a l  z o n a t i o n  o n  d i f f e r e n t  
t r o p i c a l  h i g h  m o u n t a i n s  (Hedberg 195 1 ) . Also, a 1  though t r o p i c a l  
a r e a s  a r e  known f o r  t h e i r  v e r y  l i m i t e d  s e a s o n a l  v a r i a t i o n  i n  
t e m p e r a t u r e ,  d i u r n a l  ( d a i l y )  v a r i a t i o n  i n  t e m p e r a t u r e  is a n  
i m p o r t a n t  e c o l o g i c a l  f a c t o r .  A r e m a r k a b l e  d i u r n a l  f l u c t u a t i o n  o f  
t e m p e r a t u r e  o c c u r s  i n  h i g h  m o u n t a i n s  where ,  c h a r a c t e r i s t i c a l l y ,  
t h e  h e a t i n g  o f  t h e  s u r f a c e  is i n t e n s e  d u r i n g  t h e  d a y  and c o o l i n u  
is r a p i d  d u r i n g  t h e n i g h t .  T h i s  h a s  been  termed by Hedberg 
( 1 9 5 7 )  " w i n t e r  e v e r y  n i g h t  and summer e v e r y  day ."  Coe ( 1 9 6 7 )  
s u g g e s t e d  t h a t  s u c h  a  t e m p e r a t u r e  r e g i m e  m u s t  b e  a n  i m p o r t a n t  
s e l e c t i v e  f a c t o r  i n  t h e  e v o l u t i o n  o f  t h e  t r o p i c a l  moun ta in  f l o r a .  
A r e l a t e d  f a c t o r  which h a s  b e e n  d e s c r i b e d  a s  i m p o r t a n t  i n  
a l m o s t  a l l  t r o p i c a l  a l p i n e  a r e a s  is t h e  o c c u r r e n c e  o f  n i g h t  
f r o s t .  The f r o s t  and thaw c y c l e  r e s u l t s  i n  t h e  s o r t i n g  o f  s o i l  
p a r t i c l e s  by s i z e .  T h i s ,  i n  t u r n ,  p r o d u c e s  s t o n e  r i n g s  o r  s t o n e  
s t r i p s  o n  s l o p e s .  Because  o f  t h e  s t e a d y  d e c r e a s e  o f  t e m p e r a t u r e  
w i t h  e l e v a t i o n  and t h e  d i u r n a l  t e m p e r a t u r e  f l u c t u a t i o n  a s  n o t e d  
above ,  f r o s t  may o c c u r  a l m o s t  e v e r y  n i g h t  o f  t h e  y e a r  above  a  
c e r t a i n  e l e v a t i o n .  On Mauna Loa i n  Hawai' i ,  t h e  d i u r n a l  f r o s t  
boundary  was o b s e r v e d  t o  o c c u r  a t  a p p r o x i m a t e l y  2600 m (8600  f t )  
and to c o i n c i d e  w i t h  t h e  boundary  o f  a  v e g e t a t i o n  community-type 
(Muel ler-Dombois  1967) .  I n  Sou th  America ,  t h e  boundary  be tween  
Puna, a  s e a s o n a l l y  d r y  a r e a  o f  t h e  s o u t h e r n  h i g h  Andes,  and 
a l p i n e  d e s e r t  is d e f i n e d  a s  t h e  e l e v a t i o n  where f r o s t  occurs e a c h  
n i g h t  ( T r o l l  1 9 6 6 ) .  T h i s  e l e v a t i o n  is  a  l i t t l e  below 4000 m 
( 13,000  f t )  i n  t h e s e  m o u n t a i n s  ( W a l t e r  1 9 7 1 ) .  N a t u r a l  s e l e c t i o n  
f a v o r s  t h o s e  p l a n t s  t h a t  c a n  a d a p t  t h e i r  g r o w t h  forrns to t o l e r a t e  
d a i l y  f r e e z i n g .  These  a d a p t a t i o n s  a r e  p r e d o m i n a n t l y  e x p r e s s e d  a s  
megaphy t i c  ( l a r g e  b o d i e d )  and rose t te  l i f e - f o r m s  ( T r o l l  1958; Coe 
1 9 6 7 ) ,  b u t  a l s o  o t h e r  l i f e - f o r m s ,  f o r  example ,  c u s h i o n  p l a n t s .  
A 1  t i t u d  i n a l  Zona t ion  
The u s e  o f  t h e  word a l p i n e  p r e s e n t s  a  p roblem i n  t h e  a l t i -  
t u d i n a l  z o n a t i o n  o f  t r o p i c a l  m o u n t a i n s .  I n  t e m p e r a t e  r e g i o n s ,  
t h e  lower l i m i t  o f  t h e  a l p i n e  zone is c l e a r l y  d e f i n e d  by  a  w e l l -  
marked t ree  l i n e .  I n  t r o p i c a l  h i g h  moun ta in  a r e a s ,  however ,  s u c h  
a  t ree l i n e  is  o f t e n  a b s e n t  and is r e p l a c e d  by  a  g r a d u a l  t r a n s i -  
t i o n  from montane f o r e s t  t o  a  p a r k - l i k e  v e g e t a t i o n  which g r a d -  
u a l l y  merges  i n t o  a  h e a t h - t y p e  o r  moor land  v e g e t a t i o n .  A few 
a t t e m p t s  have  been  made to d e f i n e  t h i s  zone by  s p e c i e s  d i s t r i -  
b u t i o n  b u t  t h i s  c r i t e r i o n  i s  a l s o  i m p r e c i s e  d u e  to t o p o g r a p h i c a l  
m i c r o h a b i t a t s  (Coe 1967) .  T r o l l  ( 1958)  recommended r e p l a c i n g  t h e  
term a l p i n e  w i t h  n i v a l  and s u b n i v a l ,  terms which c o r r e s p o n d  to  
above  and below t h e  pe rmanen t  snow l i n e ,  r e s p e c t i v e l y .  Wade and 
McVean ( 1969)  adop ted  s u b n i v a l  from T r o l l  when t h e y  compared t h e  
v e g e t a t i o n  o f  t h e  uppe r  e l e v a t i o n s  o f  M t .  Wilhelm i n  N e w  Guinea  
w i t h  t h e  v e g e t a t i o n  o f  h i g h  moun ta in  a r e a s  n o r t h  o f  t h e  A n t a r c t i c  
Ci rc le .  However, Coe ( 1967)  p o i n t s  o u t  t h e  term a l p i n e  is s t i l l  
v e r y  much a  p a r t  o f  t h e  l i t e r a t u r e  and c a n  b e  used i n  t h e  b r o a d e r  
meaning o f  " h i g h  mounta in"  when a p p l i e d  to t r o p i c a l  a r e a s .  
A 1  t i t u d i n a l  z o n a t i o n  i n  t h e  t r o p i c s  is  a l s o  c o m p l i c a t e d  by 
i t s  t h r e e - d i m e n s i o n a l  c h a r a c t e r  which i n v o l v e s  n o t  o n l y  temper-  
a t u r e  r e l a t i o n s  a s s o c i a t e d  w i t h  l a t i t u d e  and a l t i t u d e ,  b u t  a l s o  
p r e c i p i t a t i o n .  The s e q u e n c e  o f  v e g e t a t i o n  t y p e s  i n  t h e  h i g h  
Andes c o r r e s p o n d s  w i t h  a  m o i s t u r e  g r a d i e n t  g o i n g  from t h e  Paramos 
i n  t h e  n o r t h  to moist Puna ,  d r y  Puna ,  t h o r n  Puna,  and f i n a l l y  
d e s e r t  Puna i n  t h e  s o u t h  ( T r o l l  1 9 6 6 ) .  High moun ta in  a r e a s  j n  
E a s t  A f r i c a  have  b e e n  a r r a n g e d  i n  o r d e r  o f  w e t n e s s  which is s a i d  
t o  a c c o u n t  f o r  t h e  d i f f e r e n c e s  be tween  e q u i v a l e n t  a l t i t u d i n a l  
z o n e s  (Hedberg 1951 ) . The d e f i n i t i o n  o f  w e t n e s s ,  however ,  c a n  
a l s o  p r e s e n t  a  p roblem and s h o u l d  b e  d e f i n e d  i n  terms o f  t h e  
number o f  humid months  r a t h e r  t h a n  a c c o r d i n g  t o  a v e r a g e  a n n u a l  
p r e c i p i t a t i o n .  The morphology ,  s t a t u r e ,  and  s t r u c t u r e  o f  t r o p -  
i c a l  a l p i n e  v e g e t a t i o n  c a n  b e  c o r r e l a t e d  w i t h  t h e  p a t t e r n  o f  
r a i n f a l l  ( T r o l l  1 9 5 8 ) .  The t e m p o r a l  d i s t r i b u t i o n  o f  p r e c i p i -  
t a t i o n  and i t s  r e l a t i o n s h i p  t o  t e m p e r a t u r e  i n  d e t e r m i n i n g  t h e  
c l i m a t e  o f  a n  a r e a ,  c a n  b e  v iewed g r a p h i c a l l y  b y  t h e  u s e  o f  t h e  
c l i m a t e  d i a g r a m  method o f  W a l t e r  ( 1 9 6 3 ) .  
The problem o f  d e f i n i n g  a l t i t u d i n a l  z o n a t i o n  o n  t r o p i c a l  
h i g h  m o u n t a i n s ,  t h e n ,  i s  t h r e e - f o l d .  F i r s t ,  t h e  uppe r  l i m i t s  o f  
f o r e s t s  and t r e e s ,  u s u a l l y  w e l l  d e f i n a b l e  i n  t e m p e r a t e  a r e a s ,  is  
n o t  a lways  c l e a r l y  i n d i c a t e d  o n  t r o p i c a l  m o u n t a i n s .  I l l u s t r a t i v e  
o f  o n e  a s p e c t  o f  t h i s  p roblem a r e  t h e  t r e e - l i k e ,  h e r b a c e o u s  fo rms  
growing  a t  h i g h  e l e v a t i o n s .  They would b e  c o n s i d e r e d  t rees  when 
c l a s s i f i e d  by h e i g h t  b u t  t h e y  a r e  c l e a r l y  r e l a t e d  to h e r b a c e o u s  
s p e c i e s .  Second ,  t h e  l i f e - f o r m  o f  many woody s p e c i e s  o f  t r o p i c a l  
moun ta in  p l a n t s  c h a n g e s  from t rees  to  b u s h e s  and l o w  s h r u b s  i n  
a d a p t a t i o n  t o  c l i m a t i c  s e v e r i t y .  I f  s u c h  s p e c i e s  a r e  t h e  upper -  
most  t rees ,  i t  becomes d i f f i c u l t  to d e m a r c a t e  t h e  t r e e l i n e .  Such 
a  s p e c i e s  i n  Hawait i is  mzmane (Sophora  c h r y s o p h y l l a  ( S a l i s b .  ) 
Seem.) .  L a s t ,  t h e  e c o l o g i c a l  c o n d i t i o n s  o f  t h e  f o r e s t  and t ree  
1 i m i  t s  a r e  n o t  w e l l - d e f i n e d .  D e c r e a s i n g  t e m p e r a t u r e  w i t h  i n -  
c r e a s i n g  a l t i t u d e ,  o f  c o u r s e ,  a c c o u n t s  f o r  t h e  b a s i c  z o n a t i o n ,  
b u t  t e m p e r a t u r e  is a l s o  i m p o r t a n t  i n  p r e c i p i t a t i o n  e f f e c t i v e n e s s  
( i n c i d e n t  p r e c i p i t a t i o n  r e l a t i v e  to  s o i l  m o i s t u r e  t h a t  is a v a i l -  
a b l e  t o .  p l a n t s ) .  Loca l  v a r i a t i o n s  i n  e l e v a t i o n  o f  t h e  t i m b e r  
l i n e ,  i f  r e c o g n i z a b l e ,  i n d i c a t e  t h a t  f a c t o r s  o t h e r  t h a n  temper-  
a t u r e  and r a i n f a l l  a r e  a l s o  i n v o l v e d .  Such f a c t o r s  inc l .ude  
f r e q u e n c y  o f  m i s t  and c l o u d s ,  f r e q u e n c y  o f  f r o s t  and thaw,  expo-  
s u r e  t o  l o c a l  w i n d s ,  p h y s i c a l  p r o p e r t i e s  o f  t h e  d i f f e r e n t  sub-  
s t r a t e s ,  and  r e l a t i v e  e x p o s u r e  to b i o t i c  i n f l u e n c e s  s u c h  a s  
h e r b i v o r y  ( g r a z i n g ,  b rowsing  , e t c .  ) ( T r o l l  1958 ) . S u b s t r a t e  a g e  
and g e o l o g i c  h i s t o r y  a r e  o t h e r  f a c t o r s .  
P l a n t  Community Types  
S i m i l a r  p l a n t  communi t i e s  have  been  d e s c r i b e d  a t  e q u i v a l e n t  
e l e v a t i o n s  i n  d i f f e r e n t  t r o p i c a l  a l p i n e  and s u b a l p i n e  e n v i r o n -  
men t s .  T h i s  r e s e m b l a n c e  is t h e  r e s u l t  o f  c e r t a i n  o u t s t a n d i n g  
e n v i r o n m e n t a l  f a c t o r s  which had an  e v o l u t i o n a r y  impac t  r e s u l t i n g  
i n  s i m i l a r  p l a n t  1 i f e - f o r m s .  C h a r a c t e r i s t i c  community- types  o f  
t h e s e  t r o p i c a l  h i g h  moun ta in  a r e a s  i n c l u d e  e r i c a c e o u s  ( h e a t h -  
l i k e )  s c r u b ;  t u s s o c k  (bunch  g r a s s )  g r a s s l a n d ;  a r b o r e s c e n t  ( t r ee -  
l i k e )  and rose t te  l i f e - f o r m s ;  and h i g h  a l t i t u d e  d e s e r t .  However; 
d i f f e r e n c e s  a r e  o b s e r v e d  be tween  a r e a s  d u e  to a  complex o f  l o c a l  
f a c t o r s  t h a t  a r e  p e c u l i a r  to  any  g i v e n  a r e a .  
E r  i c a c e o u s  S c r u b  
The e r i c a c e o u s  s c r u b  community-type c a n  b e  g e n e r a l l y  de-  
s c r i b e d  a s  c o n s i s t i n g  o f  e v e r g r e e n ,  g lobose - shaped  s h r u b s ,  many 
o f  which a r e  i n  t h e  f a m i l i e s  E r i c a c e a e  ( i n c l u d e s  'Chela) and 
E p a c r i d a c e a e  ( i n c l u d e s  pukiawe)  . High m o u n t a i n s  o f  E a s t  A f r i c a  
have  an  " e r i c a c e o u s  b e l t "  i n  common whose s i m i l a r i t y  i s  i n d i s p u t -  
a b l e  d e s p i t e  phys iognomic  ( p h y s i c a l  a p p e a r a n c e )  d i f f e r e n c e s  
r e l a t e d  to c l i m a t i c  and e d a p h i c  ( s u b s t r a t e )  f a c t o r s  (Hedberg  
1 9 5 1 ) .  The "uppe r  a l p i n e  b e l t t '  on  K i l i m a n j a r o  was d e s c r i b e d  a s  
c h a r a c t e r i z e d  by members o f  t h e  E r i c a c e a e  f a m i l y  0.5 t o  1.0 m 
t a l l  ( W a l t e r  1 9 7 1 ) .  S a l t  ( 1 9 5 4 )  c a l l s  t h e  " h e a t h  f o r m a t i o n "  t h e  
mos t  common p l a n t  c o v e r  o n  t h e  same moun ta in  and r e c o g n i z e d  s i x  
f l o r i s t i c  communi t i e s  r e l a t e d  to s l o p e  and s u b s t r a t e  w i t h i n  t h i s  
f o r m a t i o n .  On M t .  Kenya, t h e  " E r i c a c e o u s  zone" h a s  been  r e c o g -  
n i z e d  a s  b e i n g  composed o f  t h r e e  h a b i t a t  t y p e s  t h a t  a r e  r e l a t e d  
t o  s u b s t r a t e  (Coe 1967) .  On t h e  much more humid Euwenzor i ,  t h e  
v e g e t a t i o n  o f  t h e  E r i c a c e o u s  b e l t  h a s  b e e n  termed a  " h e a t h  
f o r e s t u  which was d i v i d e d  i n t o  two f l o r i s t i c  t y p e s ,  o n e  domina ted  
by s p e c i e s  o f  E r i c a  and t h e  o t h e r  domina ted  by s p e c i e s  o f  
P h i l i p p i a  o c c u r r i n g  a t  h i g h e r  e l e v a t i o n s  t h a n  t h e  E r i ca -domina ted  
t y p e  (Ross 1 9 5 5 ) .  
I n  Sou th  America ,  t h r e e  o f  t h e  n i n e  l i f e - f o r m s  c h a r a c -  
t e r i s t i c  o f  h i g h  a l t i t u d e  a r e a s  o f  t h e  Andes i n c l u d e d  e v e r g r e e n  
s c r u b  w i t h  d e n s e  f o l i a g e  o f  s m a l l  s c a l e - l i k e  o r  r o l l e d  l e a v e s ,  
e v e r g r e e n  b r o a d l e a f  s c r u b ,  and  s c r u b  w i t h  w o o l l y  l e a v e s  ( T r o l l  
1966 ) . I n  t h e  Puna,  a  s e a s o n a l l y  d r y  a r e a  o f  t h e  s o u t h e r n  h i g h  
Andes,  two p r o v i n c e s  were d i s t i n q u i s h e d  o f  which o n e ,  t h e  "puna 
p r o v i n c e , "  was c h a r a c t e r i z e d  by n a n o p h a n e r o p h y t e s  (dwar f  t rees  
< 2 m t a l l )  n e a r  1  m t a l l  w i t h  t h e  Compos i tae  ( d a i s y  f a m i l y ) ,  
S o l a n a c e a e  ( n i g h t s h a d e  f a m i l y )  , and Verbenaceae  ( i n c l u d e s  
L a n t a n a )  b e i n g  t h e  most i m p o r t a n t  f a m i l i e s  fo rming  two f l o r i s t i c  
communi t i e s  ( C a b r e r a  1966) .  In  t h e  Paramos,  a  c o n t i n u o u s l y  humid 
a r e a  o f  t h e  n o r t h e r n  h i g h  Andes,  a  "subparamow f o r m a t i o n  o c c u r -  
r i n g  above  t h e  t i m b e r  l i n e  f o r e s t  h a s  b e e n  d e s c r i b e d  a s  con- 
s i s t i n g  o f  s h r u b b y  s p e c i e s  composed o f  g e n e r a  common to o t h e r  
t r o p i c a l  h i g h  moun ta in  a r e a s  ( C u a t r e c a s a s  1966) .  
The e r i c a c e o u s  community- type is a l s o  p r e s e n t  i n  s e v e r a l  
h i g h  moun ta in  a r e a s  o f  A s i a .  On Reunion I s l a n d  i n  t h e  I n d i a n  
Ocean,  e r i c a c e o u s  v e g e t a t i o n  domina ted  by  P h i l i p p i a  montana was 
composed o f  t h r e e  main p l a n t  communi t i e s  whose physiognomy and 
f l o r i s t i c  s t r u c t u r e  were c l o s e l y  r e l a t e d  to  e d a p h i c  f a c t o r s  
( C a d e t  1974) .  I n  t h e  Himalayas ,  dwar f  rhododendron  and j u n i p e r  
d o m i n a t e  communi t i e s  up to  a b o u t  5200 m ( 1 7 , 0 0 0  f t )  e l e v a t i o n .  
These  communi t i e s  were d i v i d e d  by  Swan ( 1961)  i n t o  wet and d r y  
t y p e s .  A l s o ,  a  " s h r u b  rhododendron"  community was r e c o g n i z e d  a t  
l o w e r  e l e v a t i o n s .  I n  t h e  h i g h  m o u n t a i n s  o f  M a l a y s i a ,  E r i c a c e a e  
o f t e n  d o m i n a t e  i n  s c r u b - f o r e s t s  and i n  t h e  a l p i n e  h e a t h  ( v a n  
S t e e n i s  1934-35, 1962) .  On M t .  Wilhelm i n  N e w  Gu inea ,  Wade and 
McVean ( 1969)  n o t e  t h a t  s p e c i e s  o f  b o t h  E r i c a c e a e  and E p a c r i -  
d a c e a e  a r e  c h a r a c t e r i s t i c  e l e m e n t s  o f  t h e  a l p i n e  and s u b a l p i n e  
s c r u b  communi t ies .  
I n  Hawail i t  t h i s  community-type a l s o  c o n t a i n s  a  s i g n i f i c a n t  
and sometimes dominan t  e p a c r i d a c e o u s  ( s i m i l a r  to o r  i n  t h e  p l a n t  
f a m i l y  E p a c r i d a c e a e )  e l e m e n t  from t h e  g e n u s  S t y p h e l i a  ( p z k i a w e )  . 
K r a j  i n a f  s ( 1963 ) x e r o p h y t i c  ( d r o u g h t  t o l e r a n t )  s c r u b  zone  h a s  
been  d i f f e r e n t i a t e d  i n t o  t h r e e  v e g e t a t i o n  c o v e r - t y p e s  o n  Mauna 
Kea ( Mueller-Dombois & Kra j i n a  1 9 6 8 ) .  On Mauna Loa,  t h i s  com- 
mun i ty - type  is r e p r e s e n t e d  by f o u r  d e s c r i b e d  v e g e t a t i o n - t y p e s  and 
s e v e r a l  l a r g e - s c a l e  map u n i t s  (Muel ler-Dombois  & Fosbe rg  1 9 7 4 ) .  
Tussock  G r a s s l a n d  
Another  communi t y - t y p e  c h a r a c t e r  i s t i c  o f  t r o p i c a l  h i g h  moun- 
t a i n s  is  composed o f  t a l l  bunch g r a s s e s  known a s  t u s s o c k  g r a s s e s .  
These  t u s s o c k s  a r e  a b o u t  0.5 t o  1.0 m or more t a l l ,  h a v e  a b o u t  
t h e  same d i a m e t e r ,  and  l o o k  somewhat l i k e  s e d g e  hummocks. The 
l e a v e s  a r e  s c l e r o p h y l l o u s  ( s t i f f  and /o r  h a r d )  and p e r s i s t  f o r  
l o n g  p e r i o d s  a f t e r  d y i n g  and t u r n i n q  y e l l o w .  Genera  t h a t  have  
- - - - 
t u s s o c k  g r a s s  s p e c i e s  i n c l u d e  F e s t u c a ,  Deschampsia ,  D a n t h o n i a ,  
S t i p a ,  C a l a m a g r o s t i s ,  and Andropogon ( W a l t e r  197 1 ) . 
I n  t h e  East A f r i c a n  m o u n t a i n s ,  " t u s s o c k  g r a s s l a n d s "  a r e  
i d e n t i f i e d  a s  o n e  o f  f i v e  communi ty - types  o c c u r r i n g  i n  t h e  
" a l p i n e  b e l t "  (Hedberg  195 1 ) . On K i l i m a n j a r o ,  a  s e d g e  and g r a s s  
community i s  found  o n  f l a t  and w e t  g r o u n d  and is mixed w i t h  a 
s h r u b  s p e c i e s  o n  g e n t l e  s l o p e s  i n  a  "bog f o r m a t i o n "  ( S a l t  1 9 5 4 ) .  
A t y p i c a l  t u s s o c k  g r a s s l a n d  o n  p e a t y  s o i l  i s  d e s c r i b e d  a s  t h e  
d o m i n a n t  v e g e t a t i o n  c o v e r  o f  t h e  l o w e r  a l p i n e  b e l t  ( W a l t e r  197 1 ) . 
T u s s o c k  g r a s s e s  c o v e r  by f a r  t h e  l a r g e r  p a r t  o f  t h e  s u r f a c e  o f  
t h e  " a l p i n e  zonew and o c c u r  i n  f l a t ,  damp b o g s  and i n  o p e n  s p o t s  
o n  w e a t h e r e d  and e r o d e d  r i d g e s  i n  t h e  "lower a l p i n e  zone"  o f  
M t .  Kenya (Coe  1 9 6 7 ) .  
I n  S o u t h  Amer ica ,  t h e  Paramo is  c h a r a c t e r i z e d  by  t a l l  bunch 
g r a s s e s  w i t h  s c a t t e r e d  s h r u b s  and a r b o r e s c e n t  l i f e - f o r m s  a c c o r d -  
i n g  t o  p r e v a i l i n g  e d a p h i c  fac tors  ( C u a t r e c a s a s  1966; Walter 
1 9 7 1 ) .  F u r t h e r  s o u t h ,  i n  t h e  Puna ,  t h e  " h i g h - a n d i n e  p r o v i n c e "  
h a s  b e e n  d e s c r i b e d  as  c h a r a c t e r i z e d  by  x e r o p h y t i c  c a e s p i t o s e  
( d r o u g h t  a d a p t e d  bunch )  g r a s s e s  ( C a b r e r a  1 9 6 6 ) .  Thus ,  " t u s s o c k -  
l i k e  bunch g r a s s e s w  h a v e  b e e n  i n c l u d e d  a s  o n e  o f  t h e  n i n e  m a j o r  
l i f e - f o r m s  c h a r a c t e r i s t i c  o f  t h e  h i g h  Andes ( T r o l l  1 9 6 6 ) .  I n  t h e  
H ima layas ,  a  " x e r o p h y t i c  a l p i n e "  a s s o c i a t i o n  o n  s l o p e s  and scree 
a r e a s  i n c l u d e s  t u s s o c k  g r a s s e s  (Swan 1 9 6 1 ) .  G r a s s l a n d  is a l s o  
o n e  o f  t w o  community- types  o f  a l p i n e  a r e a s  i n  M a l a y s i a  ( v a n  
S t e e n i s  1 9 6 2 ) .  Wade and McVean ( 1 9 6 9 )  d e s c r i b e  b o t h  a l p i n e  and 
s u b a l p i n e  t u s s o c k  g r a s s l a n d s  o n  M t .  Wi lhe lm,  N e w  Gu inea .  
I n  Hawai t  i ,  t u s s o c k  g r a s s l a n d s  h a v e  b e e n  d e s c r i b e d  o n  t h e  
i s l a n d  of H a w a i t i  w i t h  n a t i v e  g r a s s e s  d o m i n a n t  o n  Mauna Loa and 
i n t r o d u c e d  g r a s s e s  d o m i n a n t  o n  Mauna Kea ( Mueller-Dombois  & 
Kraj i n a  1 9 6 8 ) .  The e c o l o g y  o f  t h e  t u s s o c k  g r a s s l a n d  o n  t h e  
n o r t h e a s t  o u t e r  s l o p e  o f  H a l e a k a l B  h a s  b e e n  s t u d i e d  i n  some 
d e t a i l  ( F o r e h a n d  1 9 7 0 ) .  
A r b o r e s c e n t  and  R o s e t t e  L i f e - f o r m s  
E q u a l l y  t y p i c a l  o f  t r o p i c a l  h i g h  m o u n t a i n s  a r e  a r b o r e s c e n t  
p l a n t s  t h a t  c a n  b e  s e p a r a t e d  i n t o  two t y p e s  b a s e d  o n  g r o w t h  form. 
Woolly  r o s e t t e d  s p e c i e s  w i t h  t a l l ,  t h i c k ,  and  s p a r s e l y  b r a n c h e d  
t r u n k s  a r e  r e f e r r e d  t o  a s  " w o o l l y - r o s e t t e d "  p l a n t s .  Lower grow- 
i n g  s p e c i e s  w i t h  a  s i n g l e  rose t t e  and h a v i n g  c a n d l e - l i k e  w o o l l y  
i n f l o r e s c e n c e s  a r e  r e f e r r e d  to a s  "woo l ly - cand l e "  p l a n t s  ( T r o l l  
1 9 6 6 ) .  A l t h o u g h  many a u t h o r s  h a v e  n o t e d  t h e s e  p e c u l i a r  g r o w t h  
f o r m s ,  l i t t l e  work h a s  b e e n  d o n e  t o  l e a r n  what  f a c t o r s  o r  ro l e s  
a r e  a s s o c i a t e d  w i t h  t h e s e  m o d i f i c a t i o n s .  I t  h a s  b e e n  s u g g e s t e d  
by Coe ( l 9 6 7 ) ,  however ,  t h a t  t h e  r o s e t t e  h a b i t  i s  r e l a t e d  to t h e  
i n h i b i t i n g  e f f e c t  o n  e l o n g a t i o n  o f  i n t e r n o d e s  p roduced  by  d a i l y  
t e m p e r a t u r e  c h a n g e s  and t h a t  t h i s  h a b j  t o f  g r o w t h  f u n c t i o n s  i n  
s e v e r a l  ways to  p r o t e c t  t h e  p l a n t  f rom t e m p e r a t u r e  e x t r e m e s .  
T h i s  l i f e - f o r m  is r e p r e s e n t e d  by  s p e c i e s  o f  S e n e c i o  and 
L o b e l i a  o n  t h e  h i g h  m o u n t a i n s  o f  E a s t  A f r i c a  and i n  t h e  h i g h e s t  
p a r t s  o f  E t h i o p i a  ( T r o l l  1 9 5 8 ) .  On K i l i m a n j a r o ,  t h e s e  same two 
g e n e r a  c h a r a c t e r i z e  a n  " u p p e r  a l p i n e  b e l t "  ( W a l t e r  1 9 7 1 ) ,  and 
S e n e c i o  s p p .  a l s o  form c o m m u n i t i e s  i n  a s s o c i a t i o n  w i t h  b r o k e n  
r o c k  f a c e s  i n  t h e  " h e a t h  f o r m a t i o n "  o n  t h e  same m o u n t a i n  ( S a l t  
1954) .  On M t .  Kenya, s e v e r a l  s p e c i e s  o f  b o t h  S e n e c i o  and L o b e l i a  
form communi t i e s  i n  b o t h  t h e  lower and upper  a l p i n e  zone.  The 
p r e s e n c e  o f  o n e  o f  t h e s e  s p e c i e s ,  S e n e c i o  k e n i o d e n d r o n ,  d e f i n e s  
t t h e  uppe r  a l p i n e  zone  (Coe 1967 ) . Thus ,  Hedbera ( 195 1 ) i den -  
t i f i e s  a n  " a r b o r e s c e n t  S e n e c i o  f o r e s t "  a s  o n e  o f  f i v e  m a j o r  
community- types  common to a l l  t h e  h i g h  moun ta in  a r e a s  o f  E a s t  
A f r i c a .  These  g i a n t ,  woody S e n e c i o s  and b b e l i a s  o f  E a s t  A f r i c a  
have  been  s t u d i e d  w i t h  r e g a r d  to t h e i r  e v o l u t i o n ,  morphology ,  and  
t h e  b i o g e o g r a p h y  o f  r e l a t e d  s p e c i e s ,  e s p e c i a l l y  a s  r e l a t e d  to t h e  
taxonomy o f  t h e s e  p l a n t s .  Mabberley ( 1973, l 9 7 4 a ,  1974b, 1975)  
wrote a se r ies  o f  a r t i c l e s  o n  t h e s e  a s p e c t s  wEich a l s o  i n c l u d e  
d i s c u s s i o n s  o n  n o n - a l p i n e  s p e c i e s .  
I n  Sou th  America ,  t h e  Paramo v e g e t a t i o n  i n c l u d e s  s t a n d s  o f  
t h e  w o o l l y - r o s e t t e d  s p e c i e s  o f  t h e  g e n u s  E s  e l e t i a  ( C u a t r e c a s a s  
1966; W a l t e r  1971 ) .  A l s o  o c c u r r i n q  i n  t h e  b s  a r e  s p e c i e s  
o f  woo l ly -cand le  p l a n t s  from t h e  g e n e r a  L o b e l i a  and Lup inus  
(Leguminosae)  i n  t h e  Paramos o f  Colombia and t h e  Puna o f  P e r u .  
S p e c i e s  o f  t h e  g e n u s  Puya ( B r o m e l i a c e a e )  o c c u r r i n g  i n  t h e  Puna o f  
B o l i v i a  a l s o  form woo-candle p l a n t s  ( T r o l l  1 9 5 8 ) .  I n  A s i a ,  
Anaphal  is j a v a n i c a  ( f a m i l y  ~ o m b s i t a e )  which o c c u r s  i n  t h e  h i g h  
m o u n t a i n s  o f  Ma lays i a  c o r r e s p o n d s  to  t h e  w o o l l y - r o s e t t e d  form and 
t h e  woo l ly -cand le  form is- r e p r e s e n t e d  by - ~ a u s s u r e a  ( f a m i l y  
Compos i t ae )  and C r e p i s  ( f a m i l y  Compos i t ae )  i n  t h e  Himalayas  
( T r o l l  1958; W a l t e r  1971 ) . 
I n  H a w a i t i  t h e  woo l ly -cand le  form is r e p r e s e n t e d  by s e v e r a l  
s p e c i e s  o f  Argyroxiphium,  t h e  s i l v e r s w o r d s  and g r e e n s w o r d s .  
Thought  to  b e  w i d e l y  d i s t r i b u t e d  a t  o n e  time on  t h e  h i g h  moun- 
t a i n s  o f  b o t h  ~ a u i  and H a w a i t i  ( R u h l e  1959; ~ u e l l e r - ~ o m b o i s  & 
K r a j i n a  1968; L a r s o n  l 9 6 9 ) ,  t h e  s i l v e r s w o r d s  a r e  now v e r y  
r e s t r i c t e d  i n  t h e i r  d i s t r i b u t i o n  and have  b e e n  e n t i r e l y  elimi- 
n a t e d  i n  m o s t  a r e a s  d u e  t o  t h e  a c t i v i t i e s  o f  humans and i n t r o -  
duced f e r a l  g r a z i n g  a n i m a l s  ( R u h l e  1959; Mueller-Dombois & 
K r a j  i n a  1968; La r son  1 9 6 9 ) .  
High A l t i t u d e  Desert 
A t  v e r y  h i g h  e l e v a t i o n s  o n  t r o p i c a l  m o u n t a i n s ,  e n v i r o n m e n t a l  
c o n d i t i o n s  become so e x t r e m e  t h a t  v a s c u l a r  p l a n t  c o v e r  becomes 
s p a r s e  o r  a b s e n t  a l t o g e t h e r ,  and s o i l  and v e g e t a t i o n  f o r m a t i o n  
p r o c e s s e s  p roceed  v e r y  s l o w l y .  These  a r e a s  a r e  t h e r e f o r e  re- 
f e r r e d  to a s  a l p i n e  s t o n e  d e s e r t s  o r ,  more g e n e r a l l y ,  h i g h  a l t i -  
t u d e  d e s e r t s .  The dominan t  e n v i r o n m e n t a l  f a c t o r  t h a t  d e t e r m i n e s  
t h e  e x t e n t  o f  t h i s  community-type is n i g h t l y  f r o s t  which makes 
p l a n t  i n v a s i o n  and e s t a b l i s h m e n t  d i f f i c u l t  ( T r o l l  1 9 6 6 ) .  On 
K i l i m a n j a r o  i n  E a s t  A f r i c a ,  t h e r e  is a g r a d u a l  t r a n s i t i o n  from 
e r i c a c e o u s  h e a t h  v e g e t a t i o n  to  an  " a l p i n e  d e s e r t 1 '  a t  a b o u t  4250 rn 
( 1 4 , 0 0 0  f t )  w i t h  p l a n t s  g rowing  i n  s h e l t e r e d  p o s i t i o n s  and h a v i n g  
a t o t a l  p l a n t  c o v e r  o f  less  t h a n  5 %  ( S a l t  1954; W a l t e r  1 9 7 1 ) .  On 
M t .  Kenya, t h e  l ' n i v a l  zone" is d e s c r i b e d  a s  a r e g i o n  o f  r e c e n t  
g l a c i a l  r e t r e a t  w i t h  t h e  e a r l i e s t  s t a g e s  o f  p l a n t  c o l o n i z a t i o n .  
P l a n t s  a r e  s m a l l  i n  number,  s t u n t e d ,  and i n v a r i a b l y  grow i n  
s h e l t e r e d  s i t u a t i o n s  (Coe 1967) .  
I n  B o l i v i a ,  Sou th  America ,  few p l a n t s  o c c u r  above  4700 m 
( 15,400 f t )  due to  t h e  d a i l y  o c c u r r e n c e  o f  n i g h t  f r o s t  ( T r o l l  
1 9 6 6 ) .  I n  t h e  Paramo r e g i o n  o f  t h e  n o r t h e r n  Andes,  a  " s u p e r -  
paramo" v e g e t a t i o n - t y p e  h a s  been  d e s c r i b e d  above 4500 IF ( 14,700 
f t )  e l e v a t i o n  which was c h a r a c t e r i z e d  by t h e  s c a r c i t y  o f  p l a n t s  
g rowing  o n  t h e  s a n d y  and g r a v e l l y  s o i l  o f  t h a t  zone  ( C u a t r e c a s a s  
1966) .  I n  t h e  h i g h  H i m a l a y a s o f  A s i a ,  two o f  s i x  e c o l o ~ i c a l  
z o n e s  d e s c r i b e d  were an " a e o l i a n  zone" and an  " a l t o - a l p i n e  zone."  
I n  t h e  a e o l i a n  zone ,  o r g a n i s m s  t h a t  l i v e  o n  wind blown d e b r i s  
e x i s t  b u t  no f l o w e r i n g  p l a n t s  a r e  p r e s e n t .  I n  t h e  a l t o - a l p i n e  
z o n e ,  f l o w e r i n g  p l a n t s  grow o n l y  a t  t h e  b a s e s  o f  r o c k s  (Swan 
1961) .  On t h e  h i g h  m o u n t a i n s  o f  M a l a y s i a ,  t h e  " a l p i n e  zone1' was 
d e s c r i b e d  a s  a  s t o n e  d e s e r t  w i t h  mosses, l i c h e n s ,  and a  few 
g r a s s e s  and s e d g e s  ( v a n  S t e e n i s  1934-35) .  
On Mauna Loa i n  H a w a i v i  t h r e e  v e g e t a t i o n  c o v e r - t y p e s  were 
d e s c r i b e d  a s  h i g h  a l t i t u d e  d e s e r t  communi t i e s  o r  h a b i t a t s .  These  
were named a  v e a e t a t i o n l e s s  s t o n e  d e s e r t ,  a  Racomitr ium moss d e s -  
e r t ,  and  a  ~ a c c i n i u m - s t y p h e l  i a  ( 1 5 h e l o - ~ f i k i a w e )  low-scrub  d e s e r t .  
The c o r r e s p o n d i n g  v e g e t a t i o n  c o v e r - t y p e s  o n  Mauna Kea were 
d e s c r i b e d  a s  a  s t o n e  d e s e r t  w i t h  o c c a s i o n a l  c r u s t o s e  l i c h e n s ,  an  
A r o s t i s - T r i s e t u m  g r a s s  d e s e r t ,  and  a  S t y p h e l i a  l ow-sc rub  d e s e r t  
h - D o m b o i s  & K r a j  i n a  , 9 6 8 ) .  The v e g e t a t i o n - t y p e s  o n  Mauna 
I o a  a r e  a l s o  r e f l e c t e d  i n  map u n i t s  o n  a  l a r g e - s c a l e  v e g e t a t i o n  
map o f  Hawaii  Vo lcanoes  N a t i o n a l  P a r k  (Yuel ler-Dombois  & Fosbe rg  
1 9 7 4 ) .  
I n  c o n c l u s i o n ,  i t  c a n  b e  s e e n  from t h e  above  c o m p a r i s o n s  o f  
t r o p i c a l  a l p i n e  and s u b a l p i n e  e c o s y s t e m s  t h a t  t r o p i c a l  h i g h  moun- 
t a i n  communi t i e s  a r e  s t r u c t u r a l l y  s i m i l a r  and a r e  c h a r a c t e r i s t i c  
o f  b a s i c  e c o l o g i c a l  zones  d e t e r m i n e d  by f a c t o r s  r e l a t e d  to  in -  
c r e a s i n g  e l e v a t i o n ,  s u c h  a s  d e c r e a s i n g  t e m p e r a t u r e  and t h e  a s s o -  
c i a t e d  f r e g u e n c y  o f  n i g h t  f r o s t ,  c h a n g e s  i n  a i r  p r e s s u r e ,  and  
c h a n g e s  i n  r a d i a t i o n  c l i m a t e .  However, d i f f e r e n c e s  i n  p h y s i -  
ognomy ( p h y s i c a l  a p p e a r a n c e )  and a l t i t u d i n a l  r a n g e  o f  s i m i l a r  
p l a n t  communi t i e s  a r e  o b s e r v e d  and t h e s e  a r e  a  f u n c t i o n  o f  a  
complex o f  l o c a l  f a c t o r s  supe r imposed  o n  t h e  e l e v a t i o n a l  f a c t o r s .  
These  f a c t o r s  i n c l u d e  amount o f  p r e c i p i t a t i o n ,  f r e g u e n c y  o f  c l o u d  
m i s t ,  s l o p e ,  c h e m i c a l  and p h y s i c a l  p r o p e r t i e s  o f  t h e  s o i l  and 
b e d r o c k ,  and  b i o t i c  f a c t o r s ,  p a r t i c u l a r l y  t h e  p l a n t  s p e c i e s  
p r e s e n t  i n  t h e  a r e a .  
Geography 
H a l e a k a l a  N a t i o n a l  P a r k  i s  l o c a t e d  i n  t h e  s o u t h e a s t e r n  p a r t  
o f  t h e  i s l a n d  o f  Maui i n  t h e  Hawaiian A r c h i p e l a g o ,  a t  l a t i t u d e  
2O04SvN and l o n g i t u d e  156°12vW ( F i g .  1 ) .  T h i s  e a s t e r n  p a r t  o f  
t h e  i s l a n d  is  formed by t h e  l a r a e  s h i e l d  v o l c a n o  o f  Ha leaka lB .  
The s t u d y  a r e a  is  t h e  C r a t e r  D i s t r i c t  which i n c o r p o r a t e s  
HaleakalZi C r a t e r ,  s m a l l  a d j a c e n t  s e g m e n t s  o f  t h e  o u t e r  s l o p e s ,  
and p o r t i o n s  o f  two broad  e r o s i o n a l  d e p r e s s i o n s ,  c a l l e d  g a p s .  
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FIGURE 1. Map showing location of Haleakala National 
Park in reference to the Island of Maui and 
the Hawaiian Islands. 
Ko 'o l au  Gap f a c e s  n o r t h e a s t  and o p e n s  i n t o  Ke 'anae  V a l l e y  which 
r u n s  to t h e  o c e a n .  Kaupi5-Gap f a c e s  s o u t h  and o p e n s  i n t o  t h e  
p a s t u r e l a n d  o f  Kaup5 Ranch. Kipahulu  V a l l e y ,  l y i n g  e a s t  o f  t h e  
s t u d y  a r e a  and f a c i n g  s o u t h e a s t ,  was e x c l u d e d  from t h i s  s t u d y  
s i n c e  i t  w i l l  b e  d e s c r i b e d  i n  a  s e p a r a t e  series o f  s t u d i e s .  
S t r u c t u r e s  o n  t h e  n o r t h w e s t  o u t e r  s l o p e  i n c l u d e  t h e  P a r k  
H e a d q u a r t e r s ,  t h e  s t a b l e s ,  t h e  Red H i l l  o b s e r v a t o r y ,  t h e  o l d  
C i v i l i a n  C o n s e r v a t i o n  Corps  Camp, t h e  v i s i t o r  c e n t e r ,  and v a r i o u s  
s c i e n t i f i c  f a c i l i t i e s  l o c a t e d  n e a r  t h e  summit.  T h r e e  v i s i t o r  
c a b i n s  a r e  i n s i d e  t h e  C r a t e r .  These  a r e  H S u a  Cabin a t  t h e  west 
end n e a r  Ko 'o l au  Gap, Kapalaoa  Cabin on  t h e  s o u t h  c e n t r a l  C r a t e r  
f l o o r ,  and P a l i k t i  Cabin  a t  t h e  e x t r e m e  e a s t e r n  e n d .  A r a n g e r  
c a b i n  is  a l s o  a t  t h e  e a s t  end n e a r  P a l i k E  Cabin .  Access to t h e  
C r a t e r  D i s t r i c t  is  b y  a  n a r r o w ,  w i n d i n g ,  19 km ( 12 m i l e )  mounta in  
r o a d  ( S t a t e  Highway # 3 7 8 )  which a s c e n d s  t h e  n o r t h w e s t  s l o p e  o f  
Ha leaka15  and c o n n e c t s  to  s t a n d a r d  highways l e a d i n g  to t h e  rest 
o f  t h e  i s l a n d  o f  Maui. The C r a t e r  D i s t r i c t  is  45 km ( 2 8  miles)  
from t h e  c i t y  o f  Kahu lu i  and 4 8  km ( 3 0  miles)  from ~ a i l u k u  
( c o u n t y  s e a t ) .  E l e v a t i o n s  i n  t h i s  p o r t i o n  o f  t h e  P a r k  r a n g e  from 
1144 m to 3055 m (3760-10,023 f t )  above  s e a  l e v e l .  
Geology 
H a l e a k a l Z  C r a t e r ,  12.1 km ( 7 . 5  miles)  l o n g ,  4.0 km ( 2 . 5  
miles)  wide ,  and up t o  915 m (3000  f t )  d e e p ,  i s  t h e  l a r g e  e roded  
summit d e p r e s s i o n  o f  ~ a l e a k a l g .  A g e n e r a l  h i s t o r y  o f  t h e  geo-  
l o g i c a l  f o r m a t i o n  o f  H a l e a k a l Z  h a s  b e e n  g i v e n  by Macdonald and 
Abbo t t  ( 1 9 7 0 )  and c a n  b e  found  i n  v a r i o u s  o t h e r  s o u r c e s  ( R u h l e  
1959; L a r s o n  1 9 6 9 ) .  The moun ta in  was formed by t h r e e  s e r i e s  o f  
v o l c a n i c  a c t i v i t y  from H a l e a k a l Z  Volcano.  The f i r s t  two a r e  
known a s  t h e  ~ o n o m a n 6  v o l c a n i c  series which o c c u r r e d  d u r i n g  t h e  
T e r t i a r y  ( 6 5  m i l l i o n - 2 . 5  m i l l i o n  y e a r s  b e f o r e  p r e s e n t ) ,  and t h e  
Kula v o l c a n i c  ser ies  which o c c u r r e d  d u r i n g  t h e  P l e i s t o c e n e  ( 2 . 5  
m i l l i o n - 1  5 ,000  y e a r s  b e f o r e  p r e s e n t ) .  These  t w o  v o l c a n i c  series 
b u i l t  up a  l a r g e  s y m m e t r i c a l  s h i e l d  v o l c a n o ,  much l i k e  Mauna Kea 
and Mauna I o a  o n  H a w a i ' i ,  whose summit may h a v e  been up to 9 1 5  m 
(3000  f t )  h i g h e r  t h a n  t h e  p r e s e n t  c r a t e r  r i m .  
A t  t h e  end o f  t h e  Kula e r u p t i o n  ser ies ,  v o l c a n i c  a c t i v i t y  
became i n f r e q u e n t  o r  p e r h a p s  c e a s e d .  Water  began to c u t  d e e p l y  
i n t o  t h e  m o u n t a i n s i d e s  fo rming  v a l l e y s  a l l  a round .  Ke' a n a e  , 
Kau*, K i p a h u l u ,  and Waihot i v a l l e y s  became p a r t i c u l a r l y  l a r g e  
e r o d e d  a r e a s  and t h e y  s t i l l  e x i s t  t o d a y  i n  e s s e n t i a l l y  t h i s  form.  
Ke 'anae  and Kau@ s t r e a m s  had t h e  s h o r t e s t  and s t e e p e s t  c o u r s e s  
and e v e n t u a l l y  c u t  i n t o  t h e  v e r y  c e n t e r  o f  t h e  moun ta in .  Con- 
t i n u e d  e r o s i o n  r e s u l t e d  i n  t h e s e  two v a l l e y s  f u s i n g  i n t o  a  s i n g l e  
huge e r o d e d  d e p r e s s i o n  t h a t  e x t e n d e d  a c r o s s  t h e  e n t i r e  moun ta in  
t o p ,  d i v i d e d  o n l y  by a  l o w ,  n a r r o w  r i d g e .  
I n  g e o l o g i c a l l y  r e c e n t  t imes,  i . e . ,  w i t h i n  t h e  l a s t  15,000 
y e a r s ,  t h e  t h i r d  p e r i o d  o f  v o l c a n i c  a c t i v i t y  began .  T h i s  ser ies  
o f  l a v a s  and c i n d e r  c o n e s  is  known a s  t h e  Hzna v o l c a n i c  ser ies .  
These  l a v a  f l o w s  c o v e r e d  t h e  e a s t  and west s l o p e s  o f  t h e  v o l c a n o  
and t h e  f l o o r  o f  t h e  d e p r e s s i o n .  G r e a t  l a v a  f l o w s  pushed t h r o u g h  
K o l o l a u  and  Kaupz g a p s  to t h e  s e a .  The r i d g e  t h a t  d i v i d e d  t h e  
two g r e a t  v a l l e y s  is masked by l a r g e  f l o w s  and c i n d e r  c o n e s .  The 
most r e c e n t  e r u p t i o n ,  e s t i m a t e d  to have  o c c u r r e d  a b o u t  1790, was 
o n  t h e  s o u t h w e s t  r i f t  and is r e p r e s e n t e d  by t w o  b a r e ,  b l a c k  f l o w s  
above  La ~ 6 r o u s e  Bay. 
S o i l s  
A s  would b e  e x p e c t e d  from t h e  r e c e n c y  o f  v o l c a n i c  a c t i v i t y  
o n  H a l e a k a l z ,  s o i l s  a r e  young and r e l a t i v e l y  undeve loped .  A l m o s t  
a l l  t h e  s o i l s  o f  ~ a l e a k a l z  have  been  c l a s s i f i e d  ( L a r s o n  1969)  a s  
l i t h o s o l s  ( r o c k )  o r  r e g o s o l s  ( c i n d e r  and a s h ) ,  w i t h  some l a t o -  
s o l i c  s o i l s  (brown f o r e s t  s o i l s )  o c c u r r i n g  n e a r  t h e  P a r k 1  s n o r t h -  
west boundary  b e i n g  t h e  o n l y  i n t r a z o n a l  ( d i f f e r e n t i a t e d  ) s o i l  i n  
t h i s  s e c t i o n  o f  t h e  P a r k  ( U S D A ,  S o i l  C o n s e r v a t i o n  S e r v i c e  1955) .  
Maps o f  t h e  d i s t r i b u t i o n  o f  v a r i o u s  s o i l  t y p e s  i n  t h e  a r e a  a r e  
a v a i l a b l e  from t h e  S o i l  C o n s e r v a t i o n  S e r v i c e 1  s S o i l  Su rvey  
( 1972 ) . These  maps a r e  based  p r i m a r i l y  o n  r e c o n n a i s s a n c e  s u r v e y  
mapping u n i t s  f o r  t h e  P a r k  and  i n d i c a t e  a n  a s h ,  c i n d e r ,  r o c k ,  o r  
r o c k  o u t c r o p  s u b s t r a t e  o r  r o u g h  moun ta inous  t e r r a  i n  f o r  a l m o s t  
a l l  o f  t h e  C r a t e r  a r e a .  S o i l  c l a s s i f i c a t i o n  and d a t a  f o r  t h e  
a r e a  a r e  v e r y  i n c o m p l e t e  and . g e n e r a l  i n  n a t u r e  and o f f e r  l i t t l e  
u s e £  u l  i n f o r m a t i o n  f o r  e c o l o g i c a l  s t u d i e s .  
C l i m a t e  
The c l i m a t e  i n  H a l e a k a 1 5  v a r i e s  g r e a t l y  w i t h  d r y ,  m o d e r a t e l y  
warm summers and cool , w e t  windy w i n t e r s  b e i n g  c h a r a c t e r i s t i c .  
A t  ~ a l e a k a l z  Ranger S t a t i o n ,  mean mon th ly  t e m p e r a t u r e  r a n g e s  from 
9.6"C ( 4 9 ° F )  i n  F e b r u a r y  to  13.4"C ( 5 6 ° F )  i n  Augus t ,  a  d i f f e r e n c e  
o f  o n l y  3.8"C ( 7 " ~ ) .  Cloudy c o n d i t i o n s  a r e  t y p i c a l  d u r i n g  mid- 
d a y  a l l  y e a r .  Snow h a s  b e e n  r e c o r d e d  i n  t h e  summit a r e a  i n  t h e  
w i n t e r ,  b u t  o n l y  r a r e l y  ( L a r s o n  1969) .  
The c l i m a t e  o f  t h e  a r e a  h a s  b e e n  d e s c r i b e d  by Blumenstock 
and P r i c e  ( 1 9 6 7 ) .  I t  is g r e a t l y  i n f l u e n c e d  by t h e  t e m p e r a t u r e  
i n v e r s i o n  l a y e r  which accompanies  t r a d e w i n d s ,  which a r e  p r e s e n t  
50% to  70% o f  t h e  time. The i n v e r s i o n  l a y e r  is a  r e s u l t  o f  a  
s l i g h t  i n c r e a s e  i n  t e m p e r a t u r e  which may e x t e n d  s e v e r a l  hundred 
f e e t  u p s l o p e  b e f o r e  t h e  t e m p e r a t u r e  beg i n s  o n c e  more to  d e c r e a s e  
upward, a s  is u s u a l  i n  t h e  a t m o s p h e r e .  When p r e s e n t ,  t h e  h e i g h t  
o f  t h e  i n v e r s i o n  l a y e r  v a r i e s  from d a y  to  d a y ,  b u t  i t  is u s u a l l y  
be tween  1525 m and 2130 m (5000-7000 f t )  e l e v a t i o n .  The i n v e r -  
s i o n  l a y e r  s u p p r e s s e s  t h e  v e r t i c a l  movement o f  t h e  a i r  t h u s  
r e s t r i c t i n g  c l o u d  f o r m a t i o n  to  t h e  zone b e n e a t h  t h e  i n v e r s i o n .  
T h i s  boundary a l s o  r e s u l t s  i n  a  r e l a t i v e  h u m i d i t y  g e n e r a l l y  below 
40% above  t h e  c l o u d  l a y e r  and o c c a s i o n a l l y  a s  low a s  10% or even  
5%.  
The upper  s l o p e s  o f  t h e  h i g h  m o u n t a i n s  a r e  c o n s i d e r e d  t o  
r e c e i v e  some o f  t h e  l o w e s t  amounts  o f  p r e c i p i t a t i o n  i n  t h e  S t a t e  
(Blumens tock  & P r i c e  1967 ) . Average  .annual  p r e c i p i t a t i o n  d o e s ,  
however ,  v a r y  g r e a t l y  w i t h i n  t h e  P a r k .  Ko 'o lau  Gap a t  2100 m 
(6890  ft) e l e v a t i o n ,  a v e r a g e s  2000 mm ( 7 9  i n . )  p r e c i p i t a t i o n  
w h i l e  t h e  summit a v e r a g e s  o n l y  800 mm ( 3 1 . 5  i n . )  a t  3000 m (9847  
f t )  e l e v a t i o n  (Kobayash i  1973) .  D e t a i l e d  r a i n f a l l  and temper-  
a t u r e  r e c o r d s  f o r  t h e  a r e a  a r e  s c a r c e  and f r a g m e n t a r y .  T a l i a -  
f e r r o  ( 1959)  i n c l u d e s  mean minimum, mean maximum, and median 
r a i n f a l l  f i g u r e s  by  month f o r  o n l y  two s t a t i o n s  w i t h i t l  t h e  P a r k  
boundary .  Four r a i n  g a u g e s  and s e v e n  t e m p e r a t u r e  s h e l t e r s  were 
m a i n t a i n e d  f o r  14 months  (December 1970-February 1972)  on  t h e  
C r a t e r  f l o o r  i n  c o n n e c t i o n  w i t h  a  s t u d y  o f  t h e  s i l v e r s w o r d  popu- 
l a t i o n s  o c c u r r i n g  t h e r e  (Kobayash i  1973) .  M r .  Bernard  Meisner  o f  
t h e  U n i v e r s i t y  o f  Hawaii  Me teo ro logy  Depar tment  is i n  t h e  p r o c e s s  
o f  c o l l e c t i n g  r a i n f a l l  and t e m p e r a t u r e  d a t a  to u p d a t e  c l i m a t i c  
maps f o r  t h e  S t a t e .  Some i n f o r m a t i o n  f o r  t h e  C r a t e r  a r e a  was 
o b t a i n e d  from computer  t a p e s  and more i n f o r m a t i o n  may become 
a v a i l a b l e  when r e s e a r c h  e f f o r t s  a r e  c o n c e n t r a t e d  on  t h e  i s l a n d  o f  
Maui. 
F l o r a  
The Hawaiian I s l a n d s  a r e  t h e  most remote h i g h  v o l c a n i c  
i s l a n d s  i n  t h e  wor ld .  They a r e  v i r t u a l l y  a l o n e  i n  t h e  c e n t e r  o f  
t h e  Nor th  P a c i f i c ,  b e i n g  a l m o s t  4000 km ( 2 5 0 0  miles) from Nor th  
America t o  t h e  e a s t  and 5635 km ( 3 5 0 0  mi les)  from t h e  Mar i anas  
I s l a n d s  t o  t h e  west. The closest  h i g h  v o l c a n i c  i s l a n d s ,  t h e  
Marquesas ,  l i e  3220 km ( 2 0 0 0  miles)  to t h e  s o u t h  ( C a r l q u i s t  
1970) .  Thus d i s p e r s a l  to Hawai1 i had to b e  o v e r  l a r g e  d i s t a n c e s  
o f  o c e a n ,  s i n c e  g e o l o g i c a l  e v i d e n c e  i n d i c a t e s  t h a t  no closer l a n d  
e x i s t e d  e v e n  d u r i n g  e a r l i e r  p e r i o d s .  T h i s  i s o l a t i o n  h a s  a l l owed  
t h e  r e l a t i v e l y  few s u c c e s s f u l  a r r i v a l s  t o  e v o l v e  s e e m i n g l y  
s t r a n g e  a d a p t a t i o n s  to f i l l  n i c h e s  ( r o l e  o f  a n  o r q a n i s m  i n  t h e  
e c o s y s t e m )  l e f t  unoccupied  by  t h e  u s u a l l y  c o n t i n e n t a l  o c c u p a n t s  
t h a t  were less  s u c c e s s f u l  a t  l o n g  d i s t a n c e  d i s p e r s a l  ( C a r l q u i s t  
1970) .  
T h e r e f o r e ,  many a l p i n e  p l a n t s  t y p i c a l  o f  o t h e r  h i g h  moun ta in  
r e g i o n s  i n  t h e  wor ld  a r e  a b s e n t  from H a l e a k a l z .  Many o f  t h e  
p l a n t s  o n  H a l e a k a l b  a r e  r e p r e s e n t a t i v e s  o f  n o r t h  t e m p e r a t e  zone  
g r o u p s .  T h i s  is n o t  s u r p r i s i n g  s i n c e  t h e  cooler t e m p e r a t u r e s  o f  
h i g h e r  l a t i t u d e s  o c c u r  o n l y  a t  h i g h e r  e l e v a t i o n s  i n  t h e  Hawaiian 
I s l a n d s .  Nor th  t e m p e r a t e  zone t a x a  r e p r e s e n t e d  i n  Hawai1 i 
i n c l u d e  F r a g a r i a  ( s t r a w b e r r y )  , A r t e m i s i a  (wormwood) , S i l e n e ,  
Vacc in ium,  and t h e  Mad i inae ,  t h e  s u b t r i b e  o f  Compos i tae  i n c l u d i n g  
Argyroxiphium and R a i l 1  i a r d i a  ( n a ' e n a ' e ,  k i jpaoa)  ( C a r l q u i s t  1970; 
C a r r  1 9 7 8 ) .  S i m i l a r l y ,  some g e n e r a  show a f f i n i t i e s  to  s o u t h  
t e m p e r a t e  zone  g r o u p s  s u c h  as  Coprosma ( p i l o ) ,  San t a lum ( s a n d a l -  
wood) ,  W i k s t r o e m i a  ( ' Z k i a ,  f a l s e  ' 8 h e l o )  , and p r o b a b l y  Sophora .  
TA n o t h e r  c h a r a c t e r i s t i c  is t h a t  many h i g h - a 1  t i t u d e  g e n e r a  i n  
Hawai t  i o c c u r  a l so  a t  lower e l e v a t i o n s .  T h e s e  i n c l u d e  S t y p h e l i a ,  
Dodonaea ( a t a t ) ,  S a n t a l u m ,  and S a d l e r i a  ( ' a m a ' u  f e r n s )  
( C a r l q u i s t  1 9 7 0 ) .  
The C r a t e r  Dis t r ic t  f l o r a  a l s o  i n c l u d e s  s e v e r a l  e x o t i c  spe -  
c i e s  i n t r o d u c e d  by man and h i s  d o m e s t i c  a n i m a l s .  T h e s e  i n t r o d u c -  
t i o n s  h a v e  r e s u l t e d  i n  n a t i v e  s p e c i e s  l o s i n g  g round  to  i n v a d i n q  
f o r m s  w i t h  up  to  100% a l t e r a t i o n  i n  f l o w e r i n g  p l a n t  s p e c i e s  com- 
p o s i t i o n  i n  some a r e a s .  Some o f  t h e  more o b v i o u s  and w i d e s p r e a d  
of  t h e s e  g e n e r a  i n c l u d e  Eupa to r ium ( p z m a k a n i )  , H p o c h a e r i s  ( h a i r y  
c a t s - e a r )  , O e n o t h e r a  ( e v e n i n g  p r i m r o s e )  , Penn i se tum _r__7 a r a s s )  , 
P i n u s  ( p i n e s ) ,  Rumex ( d o c k s  & s o r r e l s ) ,  and E u c a l y p t u s  ( e u c a -  
l y p t s ) .  A l i s t  o f  e x o t i c  species h a s  b e e n  c o m p i l e d  f o r  t h e  P a r k  
- ( L a r s o n  1 9 6 9 ) .  
The f l o r a  o f  t h e  Crater is f a i r l y  w e l l  known b e c a u s e  o f  
s t u d i e s  f o c u s i n g  o n  t h e  s p e c i a l  a d a p t a t i o n s  men t ioned  aboue  and 
t h e  n a t i v e  s p e c i e s  and s p e c i e s  a s s o c i a t i o n s  t h a t  o c c u r  i n  t h e  
a r e a .  Examples  o f  c a n d i d a t e  e n d a n g e r e d  n a t i v e  s p e c i e s  found  i n  
t h e  s t u d y  a r e a  i n c l u d e  V i o l a  t r a c h e l i  i f o l i a   ing gins, Geranium 
arboreum Gray ,  and  S t e n o g y n e  c r e n a t a  Gray.  D e t a i l e d  p l a n t  1 i sts 
f o r  t h e  C r a t e r  D i s t r i c t  t h a t  i n c l u d e  h a b i t a t  n o t e s  a r e  b e i n g  com- 
p i l e d  i n  a  t h r e e - y e a r  r e s o u r c e s  b a s i c  i n v e n t o r y  s t u d y  b y  t h e  
C o o p e r a t i v e  N a t i o n a l  P a r k  R e s o u r c e  S t u d i e s  U n i t  o f  t h e  Univer -  
s i t y  o f  Hawaii (CPSU/UH) ( B e r g e r  e t  a l .  1976; Stemmermann e t  a l .  
1 9 7 9 ) .  S i n c e  t h i s  s t u d y  i n c l u d e s  b o t h  v a s c u l a r  and n o n - v a s c u l a r  
p l a n t s  p l u s  comments o n  e a c h  s p e c i e s  ( e . g . ,  endemic ,  e x o t i c ,  
d i s t r i b u t i o n ,  a b u n d a n c e ,  e t c . )  , it  is a  s i g n i f i c a n t  e x p a n s i o n  o f  
t h e  f l o r i s t i c  knowledge o f  t h e  a r e a  o v e r  p r e v i o u s  works  t h a t  o n l y  
i n c l u d e  s p e c i e s  t h a t  a r e  common or  t y p i c a l  o f  t h e  a r e a  ( S k o t t s -  
b e r g  1931;  M i t c h e l l  1945;  R u h l e  1959; Hubbard & Bender  1960;  
C a r l q u i s t  1 9 7 0 ) .  A d e t a i l e d  p l a n t  l i s t  h a s  b e e n  compi l ed  f o r  t h e  
n o r t h e a s t  o u t e r  s l o p e  o f  H a l e a k a 1 5  b y  H e n r i c k s o n  ( 1971 ) . How- 
e v e r ,  t h i s  a r e a ,  a l t h o u g h  c l o s e l y  r e l a t e d  t o  t h e  C r a t e r  f l o r i s -  
t i c a l l y ,  is  o n l y  m a r g i n a l  to t h e  s t u d y  a r e a  o f  t h i s  p a p e r .  
Fauna 
The P a r k  i s  r i c h  i n  i n s e c t s  most o f  which a r e  endemic  
s p e c i e s  v e r y  l i m i t e d  i n  t h e i r  d i s t r i b u t i o n .  Many a r e  a s s o c i a t e d  
w i t h  s p e c i f i c  endemic  p l a n t  s p e c i e s  and a r e  h i g h l y  v u l n e r a b l e  to  
e x t i n c t i o n .  Of t h e  i n t r o d u c e d  i n s e c t s  i n  t h e  a r e a ,  t h e  l a r g e  
b l o w f l i e s  which  b r e e d  i n  t h e  c a r c a s s e s  o f  g o a t s  a r e  t h e  most con-  
s p i c u o u s  s i n c e  t h e y  a r e  a  c o n s i d e r a b l e  n u i s a n c e  ( R u h l e  1 9 5 9 ) .  
The CPSU/UH R e s o u r c e s  B a s i c  I n v e n t o r y  (RBI )  a l s o  i n c l u d e s  a  s u r -  
v e y  o f  t h e  i n s e c t  s p e c i e s  o f  t h e  C r a t e r  a r e a  ( B e r g e r  e t  a l .  1976; 
Stemmermann e t  a l .  1 9 7 9 ) .  
The b i r d  l i f e  o f  t h e  C r a t e r  i n c l u d e s  s e v e r a l  s p e c i e s  i n  t h e  
endemic Hawaiian f a m i l y  Drepanid  i d a e .  These  i n c l u d e  t h e  ' Apapane 
( H i m a t i o n e  s a n q u i n e a ) ;  t h e  ' I 1 i w i  ( V e s t i a r i a  c o c c i n e a )  ; an> - t h e  
Maui 'Amakihi (Loxops  v i r e n s  w i l s o n i )  . O t h e r  n a t i v e  b i r d s  common 
i n  t h e  P a r k  i n c l u d e  t h e  Hawaiian Goose o r  NPnP ( B r a n t a  sand-  
v i c e n s i s )  o n c e  n e a r  e x t i n c t i o n  b u t  now r e c o v e r i n g r o u g h a  
r e s t o r a t i o n  program; t h e  W h i t e - t a i l e d  T r o p i c b i r d  o r  Koa'e-kea 
( P h a e t h o n  l e p t u r u s  d o r o t h e a e ) ;  t h e    olden P l o v e r  o r  KGlea 
( P l u v i a l i s  d o m i n i c a ) ;  and t h e  Hawaiian O w l  o r  Pueo ( A s i o  f lammeus 
s a n d w i c h e n s i s )  (Ruh le  1959; L a r s o n  ' 9 6 9 ) .  Also n a t i v e  is a  
g round  n e s t i n g  s e a b i r d ,  t h e  Hawaiian Dark-rumped P e t r e l  o r  'Ua' u  
(P t e rod roma  haeo  y  i a  s a n d w i c h e n s i s ) ,  a n  endange red  s p e c i e s  
which h a s  b e e n  %+% t e s u  ject  o f  some s p o r a d i c  s t u d i e s  ( L a r s o n  1967)  
and c e n s u s  c o u n t s  by  N a t i o n a l  P a r k  S e r v i c e  (NPS) p e r s o n n e l ,  
Mssrs. J. Kunioki  and J. K j a r g a a r d .  The b i o l o g y  o f  t h i s  s p e c i e s  
is  now b e i n g  i n t e n s i v e l y  s t u d i e d  by M r .  T. Simmons o f  t h e  Univer-  
s i t y  o f  Washins ton  CPSU. 
I n t r o d u c e d  b i r d  s p e c i e s  a r e  q u i t e  numerous and more commonly 
s e e n  t h a n  n a t i v e  b i r d s .  These  i n c l u d e  t h e  J a p a n e s e  White-eve 
( Z o s t e r o p s  j a p o n i c u s )  ; Ring-necked P h e a s a n t  - ( P h a s i a n u s  coi- 
c h i c u s )  ; Chukar (Alector is  c h u k a r )  ; House F inch  
-
mexicanus )  ; S k y l a r k  ( A l a u d a  a r v e n s i s )  ; Mockingbi rd  (Mimus q po y- 
q l o t t u s )  ; Barn  O w l  ( T y t o  a l b a )  ; C a l i f o r n i a  Q u a i l  (Lophor tyx  
c a l  i f o r n i c u s )  ; and House Sparrow ( P a s s e r  d o m e s t i c u s  ) ( R u h l e  
1959 
The re  a r e  no mammals n a t i v e  to  t h e  Hawaiian I s l a n d s  w i t h  
t h e  e x c e p t i o n s  o f  t h e  Hawaiian B a t  ( L a s i u r u s  c i n e r e u s  s emotus  
( H .  ~ l l e n j )  ( L a r s o n  1969)  and t h e  ~ a w a i i a n  Monk S e a l  (Monachus 
s c h a u i n s l a n d i  M a t s c h i e )  . When P o l y n e s i a n s  a r r i v e d  i n  Hawail i , 
t h e y  b r o u g h t  p i g s ,  d o g s ,  and  r a t s  which p r o b a b l y  e s t a b l i s h e d  
f e r a l  p o p u l a t i o n s  t h a t  e x t e n d e d  i n t o  t h e  Pa rk .  A f t e r  C a p t a i n  
Cook ' s  a r r i v a l ,  many mammals were b r o u g h t  i n  i n c l u d i n g  s o a t s ,  
p i g s ,  c a t t l e ,  h o r s e s ,  s h e e p ,  c a t s ,  d o g s ,  mice, and  r a t s .  A l s o ,  
mongooses were impor t ed  w i t h  t h e  i n t e n t i o n  o f  c o n t r o l l i n g  t h e  r a t  
p o p u l a t i o n .  Horses, s h e e p ,  and  c a t t l e  t hough  o n c e  f e r a l ,  no  
l o n g e r  o c c u r  a s  w i l d  p o p u l a t i o n s  i n  t h e  P a r k  ( R u h l e  1959; L a r s o n  
1969) .  
The f e r a l  g o a t  is t h e  most o b v i o u s  mammmal i n  t h e  C r a t e r  
Distr ic t  and o n c e  numbered i n t o  t h e  t h o u s a n d s  ( L a r s o n  1 9 6 9 ) ,  
c a u s i n g  much damage to  t h e  v e g e t a t i o n  and t h e r e b y  s p e e d i n g  ero- 
s i o n .  The g o a t  p o p u l a t i o n  was s t u d i e d  b y  Yocum ( 1 9 6 7 )  a s  to i t s  
d i s t r i b u t i o n  and e c o l o g i c a l  r e l a t i o n s h i p  to  t h e  C r a t e r  Dj .s t r ic t ls  
env i ronmen t .  The N a t i o n a l  P a r k  S e r v i c e  h a s  made some l i m i t e d  
p r o g r e s s  i n  t h e  c o n t r o l  o f  t h e  i n t r o d u c e d  mammal p o p u l a t i o n s  
t h r o u g h  c o n t r o l l e d  s h o o t i n g  o f  g o a t s  and p i g s  and t r a p p i n g  o f  
d o g s ,  c a t s ,  mongooses,  and  r o d e n t s  ( L a r s o n  1969) .  
Eco logy  
T h e r e  have  been  few e c o l o g i c a l  s t u d i e s  i n  t h e  C r a t e r  r e g i o n ,  
and o f  t h o s e  t h a t  have  been  u n d e r t a k e n  none a d d r e s s e d  t h e  e c o l o g y  
o f  H a l e a k a 1 5  C r a t e r  a s  a  whole .  A v e g e t a t i o n  map h a s  been  p ro -  
duced  a t  a  s c a l e  o f  a p p r o x i m a t e l y  1:62,500 t h a t  d i s t i n g u i s h e d  
o n l y  f o u r  t y p e s  o f  v e g e t a t i o n  based  on i t s  s t r u c t u r a l  c h a r a c t e r :  
s c a t t e r e d  s h r u b  and b a r r e n  a r e a s ,  s h r u b ,  sh rub - savannah ,  and 
m a r g i n a l  r a i n  f o r e s t  ( L a r s o n  1969 ) . S e v e r a l  p l a n t  communi t i e s  
have  been  i d e n t i f i e d  f o r  t h e  n o r t h e a s t  o u t e r  s l o p e  o f  H a l e a k a l Z  
which a r e  s i m i l a r  to communi t i e s  found  w i t h i n  t h e  C r a t e r .  E l -  
though f l o r i s t i c  c o m p o s i t i o n  was d i s c u s s e d  i n  t h e  t e x t  o f  t h e  
p a p e r  (Vogl  l 9 7 l ) ,  t h e  u n i t s  were a g a i n  based  p r i m a r i l y  o n  s t r u c -  
t u r a l  c h a r a c t e r  and were i d e n t i f i e d  a s  t u s s o c k  g r a s s l a n d ,  a l p i n e  
bog ,  h e a t h - s c r u b ,  c l o u d  f o r e s t ,  and  montane  r a i n  f o r e s t .  I n  a  
r e l a t e d  s t u d y  (Forehand  l 9 7 Q ) ,  t h e  p h y t o s o c i o l o g y  o f  t h e  t u s s o c k  
g r a s s 1  and communi t y - t y p e  composed m a i n l y  o f  Deschampsia was 
s t u d i e d .  I n  h e r  s t r u c t u r a l - f l o r i s t i c  a n a l y s i s  Forehand used 2 1 
s ample  s t a n d s  to  o b t a i n  p e r c e n t  f r e q u e n c y ,  p e r c e n t  c o v e r ,  and  
d e n s i t y  p e r  a c r e  f o r  a l l  s p e c i e s .  She d e f i n e d  f i v e  " s i t e - t y p e s "  
w i t h i n  t h i s  community.  The f i v e  s i t e - t y p e s  were t h e  l e v e l  g r a s s -  
l a n d  s i t e - t y p e ,  t h e  s l o p i n g  g r a s s l a n d  s i t e - t y p e ,  t h e  h e a t h  eco- 
t o n e  ( s u b d i v i s i o n  o f  ecosys t em by Forehand)  s i t e - t y p e ,  t h e  f e r n  
e c o t o n e  s i te-  t y p e ,  and t h e  mid-ecotone  s i  t e - t y p e .  Also, t h e  
e f f e c t  o f  p i g  d i g g i n g  was n o t e d  and s o i l s  d a t a  were c o l l e c t e d .  
O t h e r  s t u d i e s  h a v e  been  conce rned  w i t h  t h e  e c o l o g y  o f  
s p e c i f i c  o r q a n i s m s  found w i t h i n  t h e  C r a t e r .  The s k l v e r s w o r d  
( ~ r ~ ~ r o x i ~ h i ; m  sandwicense  D C . ) ,  o n c e  common t h r o u g h o u t  t h e  
C r a t e r  and o n  t h e  o u t e r  slopes o f  H a l e a k a l z  ( R u h l e  1959; L a r s o n  
1 9 6 9 ) ,  h a s  had i t s  r a n g e  r e s t r i c t e d  to c i n d e r  c o n e  a r e a s  o n  t h e  
w e s t e r n  c r a t e r  f l o o r  and to a  s m a l l  a r e a ,  now e n c l o s e d  and spe -  
c i a l l y  p r o t e c t e d  by t h e  N a t i o n a l  P a r k  S e r v i c e  o n  t h e  o u t e r  s l o p e  
(Kobayash i  1973) .  T h i s  d r a m a t i c  d e c l i n e  i n  t h e  p o p u l a t i o n  i s  
commonly a t t r i b u t e d  t o  v a n d a l i s m  by humans and to g r a z i n g  p r e s -  
s u r e  by f e r a l  g o a t s  ( R u h l e  1959; L a r s o n  1 9 6 9 ) .  The e c o l o a y  o f  
t h e  s i l v e r s w o r d  i n  what is l e f t  o f  i t s  r a n g e  h a s  been  t h o r o u g h l y  
s t u d i e d  by Kobayashi  ( 1 9 7 3 )  i n  a  Ph.D. d i s s e r t a t i o n  a t  t h e  
U n i v e r s i t y  o f  Hawaii .  He found t h a t  t h e  s i l v e r s w o r d  is w e l l -  
a d a p t e d  to i t s  r e m a i n i n g  h a b i t a t  i n  H a l e a k a 1 5  s i n c e  i t  h a s  x e r o -  
p h y t i c  ( d r o u g h t  r e s i s t a n t )  f e a t u r e s  s u c h  a s  t omen tose  ( d e n s e l y  
c o v e r e d  w i t h  m a t t e d ,  w o o l - l i k e  h a i r s )  s u c c u l e n t  l e a v e s  and an  
a b i l  i t y  to  s u s t a i n  r e g e n e r a t i o n  unde r  t h e  dynamic  s u b s t r a t e  con- 
d i t i o n s  found o n  l a r g e r  c i n d e r  c o n e s  t h a t  e l i m i n a t e  a l l  b u t  a  few 
e x o t i c  o r  endemic  s p e c i e s .  
The d i s t r i b u t i o n ,  d e n s i t y ,  and  e c o l o g y  o f  t h e  C r a t e r ' s  f e r a l  
g o a t  p o p u l a t i o n  h a s  b e e n  s t u d i e d  b y  Yocum ( 1 9 6 7 ) .  The g o a t s 1  
e f f e c t  o n  t h e  v e g e t a t i o n  and s u b s t r a t u m  e r o s i o n  was summarized 
a s :  
O v e r g r a z i n g  o f  t h e  n a t i v e  p l a n t s .  
E l i m i n a t i o n  o f  some n a t i v e  p l a n t s ,  t h u s  e l i m i n a t i n g  
ground c o v e r .  
D i s t u r b a n c e  o f  t h e  s o i l  by s h a r p  hooves .  
Complete  e l i m i n a t i o n  o f  p l a n t s  from s a d d l e s ,  hog- 
back  r i d g e s ,  g o a t  t r a i l s ,  and a l o n g  t h e  r i m  o f  t h e  
C r a t e r  by  f e e d i n g  o r  l o i t e r i n g  h e r d s  o f  g o a t s .  
Pawing o f  t h e  g round  by b i l l i e s  b e f o r e  l y i n g  down. 
I n c r e a s e d  e r o s i o n  by  r a i n f a l l  o f  s o i l s  d i s t u r b e d  by  
g o a t s .  
S l i d e s  s t a r t e d  by g r a z i n g  g o a t s .  
S l i d e s  s t a r t e d  by  g o a t s  o f  a l l  a g e s  p l a y i n g  on  t-he 
exposed  c i n d e r s  and b a s a l t .  
S l i d e s  s t a r t e d  by r o c k s  d i s l o d g e d  by f e e d i n g  a o a t s .  
The mos t  d r a m a t i c  examples  o f  g o a t  and p i g  a c c e l e r a t e d  e r o s i o n  
o c c u r  on  t h e  f l a t  t o p s  o f  E h a k u p a l a h a  and K u i k i ,  e a s t  o f  ~ a l i k c .  
I n  t h e s e  a r e a s  s e v e r a l  a c r e s  o f  exposed  r o c k s  a r e  d o t t e d  h e r e  and 
there  w i t h  m e s a - l i k e  c lumps  o f  s o i l  showing t h a t  a t  o n e  time 
t h e s e  a r e a s  were cove red  w i t h  s i x  or  more f e e t  o f  t o p s o i l  h e l d  i n  
p l a c e  by  n a t i v e  s h r u b s  and g r a s s e s  (Yocum 1 9 6 7 ) .  
THE VEGETATION AND ENVIRONMENT 
I N  THE CRATER cATIONAL PARK 
METHODS 
R e c o n n a i s s a n c e  
A p r e l i m i n a r y  r e c o n n a i s s a n c e  was c a r r i e d  o u t  d u r i n g  t h e  
CPSU/UH C r a t e r  D i s t r i c t  R e s o u r c e s  B a s i c  I n v e n t o r y  ( R B I )  e x p e d i -  
t i o n  o f  J u n e  1 4  t h r o u g h  J u n e  26, 1976. P l a n t  names were l e a r n e d  
w i t h  t h e  h e l p  o f  t h e  o t h e r  members o f  t h e  p a r t y  so t h a t  most 
s p e c i e s  c o u l d  b e  i d e n t i f i e d  o n  s i g h t .  Notes were t a k e n  on  pos- 
s i b l e  v e g e t a t i o n  u n i t s  i n  t h e  a r e a s  v i s i t e d  o n  d a i l y  f i e l d  t r i p s  
which c o v e r e d  a l m o s t  t h e  e n t i r e  a r e a  to  b e  mapped. T h i s  work was 
f a c i l i t a t e d  by t r i p s  t o  t h e  r i d g e  summits  f rom which l a r g e  a r e a s  
o f  t h e  C r a t e r  were v i s i b l e .  T h i s  a l l o w e d  a  f a m i l i a r i z a t i o n  w i t h  
t h e  t o p o g r a p h y  o f  t h e  a r e a  and t h e  d i s t r i b u t i o n  o f  t h e  v e g e t a -  
t i o n .  Subsequen t  to  t h i s  i n i t i a l  p e r i o d  o f  r e c o n n a i s s a n c e ,  a  
l o g i c a l  breakdown o f  t h e  v e g e t a t i o n  i n t o  s t r u c t u r a l  u n i t s  was 
d e v e l o p e d .  These  u n i t s  were used f o r  p r e l i m i n a r y  mapping on  
a e r i a l  p h o t o g r a p h s .  
Map P r e p a r a t i o n  
A s e t  o f  12 b lack-and-whi te  a e r i a l  p h o t o g r a p h s  t h a t  cove red  
t h e  a r e a  to  b e  mapped were o b t a i n e d  from t h e  A g r i c u l t u r a l  S t a b i -  
l i z a t i o n  and C o n s e r v a t i o n  S e r v i c e  (USDA 1954 ser ies)  . The a e r i a l  
p h o t o g r a p h  s c a l e  was 1: 12,000 s i n c e  t h e  f i n a l  map was to  b e  an  
o v e r l a y  f o r  t h e  s t a n d a r d  USGS q u a d r a n g l e  maps ( s c a l e  1: 2 4 , 0 0 0 ) .  
The s c a l e  o f  a e r i a l  p h o t o g r a p h s  used f o r  mapping s h o u l d  b e  a t  
l e a s t  twice a s  l a r g e  a s  t h e  s c a l e  p l anned  f o r  t h e  p r i n t e d  map 
( ~ u c h l e r  1 9 6 7 ) .  V e g e t a t i o n  b o u n d a r i e s  were drawn o n  t r a n s p a r e n t  
o v e r l a y s  o v e r  t h e  p h o t o g r a p h s  u s i n g  t h e  s t r u c t u r a l  u n i t s  d e v e l -  
oped  d u r i n g  t h e  r e c o n n a i s s a n c e  o f  t h e  a r e a .  These  u n i t s  were 
t h e n  f i e l d  checked  f o r  a c c u r a c y  arla f u r t h e r  n o t e s  were t a k e n  on  
t h e i r  f l o r i s t i c  c o m p o s i t i o n .  An a t t e m p t  was made t o  v i s i t  a l l  
t h e  mapped u n i t s  so t h a t  i n f o r m a t i o n  o n  e a c h  u n i t  would b e  a s  
c o m p l e t e  a s  p o s s i b l e  s i n c e  a e r i a l  p h o t o g r a p h s  show o n l y  t h e  s u r -  
f a c e  l a y e r  o f  t h e  v e g e t a t i o n  ( ~ u c h l e r  1 9 6 7 ) .  The c l a s s i f i c a t i o n  
and b o u n d a r i e s  o f  t h e  u n i t s  were m o d i f i e d  a s  f i e l d  o b s e r v a t i o n s  
deemed n e c e s s a r y .  Thus ,  enough i n f o r m a t i o n  was c o l l e c t e d  d u r i n g  
t h i s  f i r s t  s t a g e  o f  f i e l d  work t o  p roduce  a  p r e l i m i n a r y  vege-  
t a t i o n  map f o r  t h e  C r a t e r  D i s t r i c t .  
To p roduce  a  p r e l i m i n a r y  v e g e t a t i o n  map, b o u n d a r i e s  were 
hand drawn on  t h e  USGS q u a d r a n g l e  maps. By u s i n g  t h e  f i e l d  n o t e s  
t a k e n  d u r i n g  t h e  g round  p r o o f i n g  , t h e  o r i g i n a l  s t r u c t u r a l  v e g e t a -  
t i o n  u n i t s  used  d u r i n g  p r e l i m i n a r y  mapping were t r a n s l a t e d  i n t o  
symbols  c o r r e s p o n d i n g  a s  c l o s e l y  a s  p s s i b l e  to  t h e .  s t r u c  t u r a l -  
f l o r i s t i c  symbols  used i n  t h e  v e g e t a t i o n  map o f  Hawaii  Vo lcanoes  
N a t i o n a l  P a r k  ( Mueller-Dombois & Fosbe rg  1974 ) . 
A e r i a l  p h o t o g r a p h s  c o n t a i n  s c a l e  d i s t o r t i o n s  ( termed re1 j e f  
d  i s p l  acemen t )  due  t o  e l e v a t i o n a l  c h a n g e s  i n  t h e  t o p o g r a p h y .  How- 
e v e r ,  d i s t o r t i o n s  a r e  min imal  i n  l :  12,000 s c a l e  e n l a r g e m e n t s  o f  
NASA f a l s e  i n f r a r e d  c o l o r  a i r  p h o t o g r a p h s  d u e  to t h e  h i g h  a l t i -  
t u d e  from which t h e y  were t a k e n  and t h e  g r e a t e r  s t a b i l i t y  o f  t h e  
a i r c r a f t  a t  t h a t  a l t i t u d e .  I t  was,  t h e r e f o r e ,  d e c i d e d  t o  t r a n s -  
f e r  t h e  v e g e t a t i o n  b o u n d a r i e s  o n t o  o v e r l a y s  o n  s i x  o f  t h e s e  
p h o t o g r a p h s  w i t h  a d j u s t m e n t s  based  o n  f i e l d  n o t e s  from a  second  
summer 's  f i e l d  work. A l s o ,  o b s e r v a t i o n s  o n  t h e s e  b e t t e r  q u a l i t y  
p h o t o g r a p h s  a l l o w e d  f u r t h e r  i n t e r p r e t a t i o n  s i n c e  d i f f e r e n t  
v e g e t a t i o n - t y p e s  o f t e n  showed v a r i a t i o n s  i n  c o l o r .  
These  new o v e r l a y s  were p h o t o g r a p h i c a l l y  r e d u c e d  to  a  s c a l e  
o f  1:24,000 r e s u l t i n g  i n  s i x  t r a n s p a r e n t  p o s i t i v e s  a t  t h e  same 
s c a l e  a s  t h e  USGS maps.  A v e r y  s m a l l  amount o f  r e l i e f  d i s p l a c e -  
ment y e t  remained  i n  t h e s e  p o s i t i v e s .  T h i s  e r r o r  was c o r r e c t e d  
by a 1  ter ing  t h e  t r a n s p a r e n t  p o s i t i v e s  u s i n g  known t o p o g r a p h i c  
f e a t u r e s  o n  t h e  q u a d r a n g l e  maps. These  a d j u s t m e n t s  were made to 
g i v e  t h e  b e s t  p o s s i b l e  r e p r e s e n t a t i o n  o f  t h e  t r u e  p o s i t i o n  o f  t h e  
v e g e t a t i o n  b o u n d a r i e s .  The a d j u s t m e n t s ,  t h e r e f o r e ,  were n o t  
n e c e s s a r i l y  un i fo rm i n  d i r e c t i o n  o r  amount t h r o u g h o u t  t h e  e n t i r e  
map n o r  e v e n  w i t h i n  a  s i n q l e  t r a n s p a r e n t  p o s i t i v e .  The v e g e t a -  
t i o n  b o u n d a r i e s  were t h e n  t r a c e d  o n  y e t  a n o t h e r  o v e r l a y .  T h i s  
p e n c i l  t r a c i n g  was a g a i n  t r a c e d  i n  i n k .  The v e g e t a t i o n  u n i t s  
were t h e n  l a b e l e d  u s i n g  a Var i t y p e r  p h o t o g r a p h i c  t y p e s e t t i n g  
machine  and pho tog raphed  a g a i n .  Thus ,  a  f i n a l  v e g e t a t i o n  map was 
produced  t h a t  i s  a p p r o x i m a t e l y  p l a n i m e t r  i c a l l y  c o r r e c t  a t  a  s c a l e  
o f  1:24,000 and c a n  o v e r l a y  a  c o m p o s i t e  o f  t h e  USGS q u a d r a n g l e  
maps o f  H a l e a k a l a  N a t i o n a l  P a r k  C r a t e r  D i s t r i c t .  
Q u a n t i t a t i v e  Data  C o l l e c t i o n  
~ e l e v g  Data  
The sampl ing  o f  t h e  p l a n t  communi t i e s  was p l a n n e d  a c c o r d i n g  
t o  t h e  r e l e v 6  ( v e g e t a t i o n  s a m p l e )  method a s  d e s c r i b e d  by  Mue l l e r -  
Dombois and E l l e n b e r g  ( 1 9 7 4 ) .  F i r s t ,  t h e  s i t e s  were s e l e c t e d  
u s i n g  t h e  hand-drawn, p r e l i m i n a r y  v e g e t a t i o n  map. A t o t a l  o f  40 
r e l e v g s  were c h o s e n :  15 i n  s c r u b  communi t i e s ,  15 i n  g r a s s l a n d  
communi t i e s ,  f i v e  i n  f o r e s t  communi t i e s ,  and f i v e  i n  h i g h  a l t i -  
t u d e  d e s e r t  communi t i e s .  T h i s  d i s t r i b u t i o n  was t h o u g h t  to 
r e f l e c t  t h e  q u a n t i t a t i v e  o c c u r r e n c e  o f  t h e s e  community- types  i n  
t h e  P a r k ,  e x c e p t  f o r  t h e  h i g h  a l t i t u d e  d e s e r t .  These  d e s e r t  
a r e a s ,  a 1  though  e x t e n s i v e ,  c o n t a i n e d  v e r y  l i t t l e  v e g e t a t i o n  to 
sample .  The r e l e v g s  were p l a c e d  i n  a s  e v e n  a  g e o g r a p h i c  d i s t r i -  
b u t i o n  a s  p o s s i b l e  t h r o u g h o u t  t h e  a r e a  to  b e  mapped. 
S i n c e  t h e  C r a t e r  D i s t r i c t  is a  h i g h  moun ta in  r e g i o n  on an  
i s o l a t e d  o c e a n i c  i s l a n d  g r o u p ,  t h e  f l o r a  i s  r e l a t i v e l y  poor  i n  
numbers o f  s p e c i e s .  T h e r e f o r e ,  i t  was d e c i d e d  t o  u se  c e r t a i n  
e m p i r i c a l  v a l u e s  f o r  t h e  s i z e  o f  t h e  r e l e v 6 s  based  o n  t h e  s t r u c -  
t u r e  o f  t h e  v e g e t a t i o n ,  r a t h e r  t h a n  p e r f o r m i n g  a min imal  a r e a  
a n a l y s i s  f o r  e a c h  v e g e t a t i o n - t y p e .  Thus ,  t h e  r e l e v 6 s  c h o s e n  f o r  
g r a s s l a n d  communi t i e s  were 100 m 2  ( 1 0  X 10 m ) ;  200 m 2  ( 1 0  X 20  rn) 
f o r  s c r u b  communi t i e s ;  400 m 2  ( 2 0  X 20 m )  f o r  f o r e s t  communi t i e s ;  
and 400 m 2  ( 2 0  X 20 m )  for h i g h  a l t i t u d e  d e s e r t  communi t i e s .  
The f i e l d  work f o r  t h i s  segment  wa? accompl i shed  be tween  
J u n e  3 and August  21, 1977. Each r e l e v e  was e s t a b l i s h e d  a t  t h e  
p l anned  l o c a t i o n  u s i n g  a  p a i r  o f  c l o t h  meter t a p e s .  However, 
where t h e  s l o p e  was e x c e s s i v e l y  s t e e p ,  t h e  a r e a  had t o  b e  e v a l -  
u a t e d  u s i n g  a  less f o r m a l  b u t  e q u i v a l e n t  s ample  s i t e .  T h i s  
l a t t e r  a p p r o a c h  was n e c e s s a r y  a t  o n l y  t h r e e  s i t e s  ( r e l e v g s  25,  
27,  & 3 5 ) .  C e r t a i n  e n v i r o n m e n t a l  p a r a m e t e r s  were r e c o r d e d  o n  t h e  
p r i n t e d  d a t a  s h e e t s .  These  were e l e v a t i o n  u s i n g  an a l t i m e t e r ,  
s l o p e  u s i n g  an Abney l e v e l ,  and a s p e c t  u s i n g  t h e  w a l l s  o f  t h e  
C r a t e r  f o r  o r i e n t a t i o n  s i n c e  m a g n e t i t e  i n  t h e  a r e a  ( e . g . ,  Ku ik i  & 
Red H i l l  ) produced  d i s t o r t e d  compass b e a r i n g s .  The l o c a t i o n  o f  
t h e  s i t e ,  t h e  r e l e v 6  number,  t h e  s u b s t r a t e  t y p e ,  community-type 
a s  mapped on  t h e  p r e l i m i n a r y  map, t h e  s i z e  o f  t h e  r e l e v & ,  and t h e  
s t r a t i f i c a t i o n  o f  t h e  v e g e t a t i o n  were a l s o  r e c o r d e d .  A d d i t i o n a l  
r e m a r k s  were r e c o r d e d  wherever  r e l e v a n t .  
A c o m p l e t e  s p e c i e s  l i s t  was compi l ed  f o r  t h e  r e l e v 6  s i t e  i n  
l a y e r s  d e f i n e d  by h e i g h t .  Some s p e c i e s  o c c u r r e d  i n  more t h a n  
o n e  l a y e r  and were t h e r e f o r e  r e c o r d e d  more t h a n  o n c e  i n  a  s i n g l e  
r e l e v e .  The q u a n t i t y  o f  e a c h  s p e c i e s  i n  e a c h  l a y e r  was e s t i m a t e d  
u s i n g  t h e  Braun-Blanquet  cover -abundance  s c a l e  ( Mueller-Dombois 
& E l l e n b e r g  1 9 7 4 ) .  A l s o ,  t h e  l i f e - f o r m  o f  e a c h  s p e c i e s  was 
r e c o r d e d  u s i n g  t h e  Raunk iae r  sys t em ( Mueller-Dombois & E l l e n -  
b e r g  1 9 7 4 ) .  Appendix I g i v e s  a  c o m p l e t e  s p e c i e s  l i s t ,  b y  p l a n t  
f a m i l y ,  o f  p l a n t s  found i n  r e l e v 4  sites. 
Two a d d i t i o n a l  r e l e v g s  were e s t a b l i s h e d  to make t h e  s ampl ing  , 
more c o m p l e t e ,  o n e  i n  a  g r a s s l a n d  community ( r e l e v 6  7 )  and o n e  
i n  a  s c r u b  community ( r e l e v 6  4 2 ) .  ~ e l e v 6  7  was added to sample  
an open  Descham s i a  g r a s s l a n d  on  a  scree s l o p e  o n  t h e  i n n e r  west 
r i m ,  s i n c e  -----I no r e  ev6 had been  p l anned  t o  sample  t h i s  community.  
~ e l e v 6  4 2  was added to sample  a  v e g e t a t i o n  u n i t  t h a t  was added 
a s  a  r e s u l t  o f  d i v i d i n g  a  community ,  based  o n  f i e l d  o b s e r v a t i o n s ,  
t h a t  a p p e a r e d  a s  a  s i n g l e  u n i t  o n  t h e  p r e l i m i n a r y  map. Thus ,  
t h e  t o t a l  number o f  r e l e v 6 s  f o r  t h e  s t u d y  was i n c r e a s e d  to  42 
( F i g .  2 ) .  
S o i l  p i t s  were p l a n n e d  a t  10 o f  t h e  r e l e v 6  s i t es .  They were 
s e l e c t e d  i n  a r e a s  t h a t  were t h o u g h t  to  have  s o i l  r a t h e r  t h a n  a  
r o c k  o r  c i n d e r  s u b s t r a t e  s o  a s  t o  make a  s o i l  p i t  d e s c r i p t i o n  
p o s s i b l e .  The s o i l  p i t s  were p l anned  to  have  a s  e v e n  a geo-  
g r a p h i c  d i s t r i b u t i o n  a s  p o s s i b l e  and to  b e  r e p r e s e n t a t i v e  o f  t h e  
communi t i e s  o c c u r r i n g  i n  t h e  a r e a .  A t  e a c h  o f  t h e  chosen  s i t e s ,  
a  p i t  was dug w i t h  a  s h o v e l  t o  a  d e p t h  a t  which a  h a r d  pan o r  
r o c k  l a y e r  was e n c o u n t e r e d .  The t o t a l  d e p t h  o f  t h e  p i t  was mea- 
s u r e d  and t h e  h o r i z o n t a t i o n  o f  t h e  s o i l  was d e s c r i b e d  i n c l u d i n g  
FIGURE 2 .  Locations of relev6 (vegetation sample) s i t e s  i n  the Crater 
D i s t r i c t  of Haleakala National Park. North i s  t o  the l e f t .  
e a c h  l a y e r ' s  c o l o r ,  t e x t u r e ,  s t r u c t u r e ,  and  d e p t h .  A s o i l  
sample  was t a k e n  from e a c h  s o i l  p i t  f o r  l a t e r  a n a l y s i s .  One o f  
t h e  p l anned  s i t e s  ( r e l e v 6  3 8 )  was t o o  r o c k y  t o  d i g  a  p i t  f o r  a  
d e s c r i p t i o n  o f  t h e  s o i l  p r o f i l e ,  b u t  a  s o i l  sample  was t a k e n .  
Thus ,  a  t o t a l  o f  n i n e  s o i l  d e s c r i p t i o n s  were r e c o r d e d  and a t o t a l  
o f  10 s o i l  s a m p l e s  were t a k e n .  
Re lev6  Data A n a l y s e s  
I n  a  s t u d y  o f  s p e c i e s  d i s t r i b u t i o n s  i t  is  d e s i r a b l e  to have  
a n  a n a l y t i c a l  methodology  t o  o b j e c t i v e l y  e v a l u a t e  t h e  d j  str i- 
b u t i o n  p a t t e r n s .  These methods  s h o u l d  b e  o f  p roven  u s e f u l n e s s  
and b e  e a s i l y  a p p l i c a b l e  t o  t h e  r e l e v 6  ( v e g e t a t i o n  s a m p l e )  d a t a  
c o l l e c t e d  i n  t h e  f i e l d .  I t  is a l s o  d e s i r a b l e  t h a t  computer  a n a l -  
y s i s  t e c h n i q u e s  b e  u t i l i z e d  b e c a u s e  o f  t h e  l a r g e  d a t a  b a s e  and 
t h e  need f o r  u n i f o r m i t y  i n  t h e  a n a l y s i s .  F o r  t h e s e  r e a s o n s ,  t h e  
s y n t h e s i s  t a b l e  t e c h n i q u e  and t h e  d e n d r o g r a p h  t e c h n i q u e  d e s c r i b e d  
by Mueller-Dombois and B r i d g e s  ( 1975 ) were c h o s e n .  
Dendrograph Techn ique  
A d e n d r o g r a p h  is a  two-d imens iona l  d i ag ram which d i s p l a y s  
t h e  m u t u a l  r e l a t i o n s h i p s  among a  g r o u p  o f  o b j e c t s  whose p a i r w i s e  
s i m i l a r i t i e s  a r e  g i v e n .  I t  d i f f e r s  from t h e  u s u a l  dendrogram i n  
t h a t  between-group s i m i l a r i t i e s  a r e  c a l c u l a t e d  and d i s p l a y e d  by 
s c a l i n g  t h e  d i s t a n c e s  a l o n g  t h e  X-axis.  T h i s  s c a l i n g  is  i n  a d d j -  
t i o n  to  t h e  w i t h i n - g r o u p  s i m i l a r i t i e s  which a r e  shown a l o n g  t h e  
Y-axis o f  a l l  dendrograms and d e n d r o y r a p h s .  
The d a t a  from t h e  r e l e v 4  s h e e t s  were e n t e r e d  i n t o  t h e  com- 
p u t e r .  The d e n d r o g r a p h  program o f  McCammon (McCammon & Wenniger 
1970)  was used b e c a u s e  o f  i t s  f l e x i b i l i t y  and t e s t e d  u s e f u l n e s s .  
F i r s t ,  a  m a t r i x  o f  s i m i l a r i t y  i n d e x e s  i s  c a l c u l a t e d  u s i n s  f i v e  
methods  o f  c a l c u l a t i o n  r e s u l t i n g  i n  f i v e  m a t r i c e s :  J a c c a r d ,  
G l e a s o n ' s  m o d i f i c a t i o n  o f  J a c c a r d ,  S p a t z ,  p r e s e n c e / a b s e n c e  
S d r e n s e n ,  and  q u a n t i t a t i v e  S d r e n s e n  ( Mueller-Dombois & E l l e n b e r g  
1 9 7 4 ) .  Second,  a l l  p e r c e n t  i n d e x e s  o f  s i m i l a r i t y  v a l u e s  a r e  
c o n v e r t e d  i n t o  metric d i s t a n c e  v a l u e s  by  t h e  a r c - c o s i n e  t r a n s f o r -  
m a t i o n .  T h i s  t r a n s f o r m a t i o n  c h a n g e s  h i g h  s i m i l a r i t y  v a l u e s  i n t o  
l o w  d i s t a n c e  v a l u e s  and v i c e  v e r s a .  T h i s  t r a n s f o r m a t i o n  a v o i d s  
t h e  problem o f  a v e r a g i n g  p e r c e n t a g e  v a l u e s .  
The c o n s t r u c t i o n  o f  t h e  d e n d r o g r a p h  u s i n g  t h e  McCammon 
program is based  e n t i r e l y  o n  t h e  s i m i l a r i t y  m a t r i x ,  so t h a t  t h e  
d e n d r o g r a p h  i s  a  m a t h e m a t i c a l l y  d e r i v e d  d i s p l a y  o f  t h e  c o n t e n t  o f  
a  s i m i l a r i t y  m a t r i x .  T h i s  d e r i v a t i o n  is accompl i shed  by a  com- 
p u t a t i o n  c y c l e  t h a t ,  f i r s t ,  s e a r c h e s  t h e  m a t r i x  f o r  t h e  lowest 
a r c - c o s i n e  v a l u e ,  which c o r r e s p o n d s  to  t h e  h i g h e s t  i n d e x  o f  s i m i -  
l a r i t y  v a l u e .  The l o w e s t  a r c - c o s i n e  v a l u e  i d e n t i f i e s  t h e  two 
r e l e v g s  t h a t  a r e  most s i m i l a r  i n  t h e i r  q u a n t i t a t i v e  - s p e c i e s  con- 
t e n t .  The computer  t h e n  a v e r a g e s  a l l  d i s t a n c e  v a l u e s  o f  t h e s e  
two r e l e v g s ,  t h u s  r e d u c i n g  t h e  s i m i l a r i t y  m a t r i x  by  o n e  column. 
Then t h e  computer  a g a i n  s e a r c h e s  t h e  e n t i r e  m a t r i x  f o r  t h e  lowest 
d i s t a n c e  v a l u e ,  which may be  found e i t h e r  among t h e  p r e v i o u s l y  
c a l c u l a t e d  v a l u e s  o r  among t h e  new a v e r a g e  v a l u e s .  Average 
v a l u e s  a r e  a g a i n  c a l c u l a t e d ,  and  t h e  c o m p u t a t i o n  c y c l e  is re- 
p e a t e d  i n  t h i s  way u n t i l  a l l  r e l e v g s  a r e  c l u s t e r e d .  A f t e r  t h e  
e n t i r e  ne twork  o f  o u t p u t  c l u s t e r s  is  e s t a b l i s h e d ,  t h e  d e n d r o a r a p h  
i s  p r i n t e d .  F i v e  d e n d r o g r a p h s  were produced  i n  t h i s  way which 
c o r r e s p o n d  t o  t h e  f i v e  methods  o f  c a l c u l a t i o n  o f  t h e  i n d e x e s  o f  
s i m i l a r i t y .  
S y n t h e s i s  T a b l e  Technique  
The same r e l e v 6  d a t a  used i n  t h e  d e n d r o g r a p h  t e c h n i q u e  were 
a n a l y z e d  u s i n g  t h e  Ceska and Roemer ( 1971)  program b e c a u s e  o f  i t s  
un ique  f l e x i b i l i t i e s  and  i t s  p r o v e n  u s e f u l n e s s  o n  t h e  l o c a l  com- 
p u t e r .  T h i s  program is a  close s i m u l a t i o n  o f  t h e  manual Fraun- 
B l a n q u e t  s y n t h e s i s  t a b l e  t e c h n i q u e  ( Mueller-Dombois & E l l e n b e r g  
1 9 7 4 ) .  The o b j e c t i v e  o f  t h e  program is t h e  e x t r a c t i o n  o f  t h o s e  
s p e c i e s  g r o u p s  from t h e  t a b l e  which o p t i m a l l y  d i f f e r e n t i a t e  
c o r r e s p o n d i n g  g r o u p s  o f  r e l e v 6 s .  
Group f o r m a t i o n  i n v o l v e s  two p r o c e s s e s  which a r e  r e p e a t e d  : 
s e l e c t i o n  o f  s p e c i e s  which t y p i f y  a  g r o u p  o f  r e l e v & s ,  and selec- 
t i o n  o f  r e l e v g s  which a r e  c h a r a c t e r i z e d  by a  c e r t a i n  g r o u p  o f  
s p e c i e s .  Two r u l e s  a r e  employed d u r i n g  t h e  a n a l y s i s .  S p e c i e s  
have  to  o c c u r  i n  a t  l e a s t  X% o f  t h e  r e l e v g s  which a r e  t o  b e  t y p i -  
f i e d  and  t h e y  mus t  n o t  o c c u r  i n  more t h a n  Y% o f  a l l  r e m a i n i n g  
r e l e v 6 s  ( r u l e  I ) .  R e l e v g s  a r e  o n l y  c o n s i d e r e d  to b e  members o f  
t h e  t y p i f i e d  g r o u p  i f  t h e y  c o n t a i n  X% o f  t h e  t y p i f y i n g  s p e c i e s  
( r u l e  11). The s e v e r a l  X/Y o p t i o n s  examined were 50/10, 50/20, 
66/10, 66/20, and  66/33. Fo rma t ion  o f  g r o u p s  p r o c e e d s  from spe-  
cies w i t h  h i g h e r  c o n s t a n c i e s  to  s p e c i e s  w i t h  lower c o n s t a n c i e s .  
F i r s t ,  a  p r e l i m i n a r y  g r o u p  is formed c o i n c i d i n g  w i t h  t h e  o c c u r -  
r e n c e  o f  a  s i n g l e  i n i t i a t i n g  s p e c i e s .  T h i s  g r o u p  is t h e n  s u c c e s -  
s i v e l y  m o d i f i e d  by a l t e r n a t i n g  t h e  a p p l i c a t i o n  o f  r u l e s  I and T I  
u n t i l  a  s t a b l e  c o m b i n a t i o n  o f  s p e c i e s  an6 r e l e v g s  is a c h i e v e d .  
The s p e c i e s  g r o u p s  formed i n  t h i s  way a r e  l i s t e d  t o g e t h e r  w i t h  a  
t a b l e  c o n t a i n i n g  t h e s e  g r o u p s  o r d e r e d  a c c o r d i n g  to s i z e  o f  g r o u p s  
and mean w i t h i n - g r o u p  s i m i l a r i t y .  T h i s  o r d e r  c a n  b e  s u b s e q u e n t l y  
r e a r r a n g e d  f o r  a  b e t t e r  p r e s e n t a t i o n  o f  t h e  a n a l y s i s  w i t h o u t  
c h a n g i n g  t h e  s p e c i e s  c o m b i n a t i o n s .  
S i n c e  o m n i p r e s e n t  s p e c i e s  d o  n o t  c o n t r i b u t e  any  i n f o r m a t i o n  
t o  t h e  d i f f e r e n t i a t i o n  o f  v e g e t a t i o n  u n i t s ,  t h i s  program rejects  
s p e c i e s  t h a t  a r e  p r e s e n t  i n  a l l  o r  n e a r l y  a l l  o f  t h e  r e l e v g s .  
These s p e c i e s  t h a t  a re  r e j e c t e d  a t  t h e  s t a r t  o f  t h e  a n a l y s i s  a r e  
t h o s e  t h a t  a r e  p r e s e n t  i n  66% or more o f  t h e  r e l e v 6 s  unde r  com- 
p a r i s o n ,  a n  a r b i t r a r i l y  se t  l i m i t  t h a t  con fo rms  to  a g e n e r a l  norm 
used i n  p h y t o s o c i o l o g i c a l  work. S p e c i e s  t h a t  o c c u r  i n  n o t  more 
t h a n  two r e l e v 6 s  a l s o  a r e  n o t  used i n  t h e  a n a l y s i s .  A l s o ,  i f  a  
s p e c i e s  c a n n o t  b e  g rouped  w i t h  a t  l e a s t  a second  s p e c i e s  a c c o r d -  
ing  to r u l e  I ,  i t  is r e j e c t e d  a s  a  " s i n q l e  s p e c i e s . "  Omnip resen t  
s p e c i e s ,  low-cons tancy  s p e c i e s ,  and  s i n g l e  s p e c i e s  a p p e a r  a t  t h e  
end o f  t h e  f i n a l  t a b l e  a s  ungrouped s p e c i e s .  
S o i l  A n a l y s e s  
O r g a n i c  Carbon 
O r g a n i c  c a r b o n  was d e t e r m i n e d  by a  m o d i f i c a t i o n  o f  t h e  
Walk ley  ( 1 9 3 5 )  and B l a c k  ( 1 9 6 5 )  methods u s i n g  a c i d  d i c h r o m a t e  
d i g e s t i o n .  T h i s  method i n v o l v e s  t h e  o x i d a t i o n  o f  o r g a n i c  m a t t e r  
by p o t a s s i u m  d i c h r o m a t e .  The r e a c t i o n  is s t i m u l a t e d  by t h e  h e a t  
g e n e r a t e d  when t w o  vo lumes  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  a r e  
mixed w i t h  o n e  volume o f  t h e  1N p o t a s s i u m  d i c h r o m a t e  s o l u t i o n .  
The e x c e s s  d i c h r o m a t e  is d e t e r m i n e d  by t i t r a t i o n  w i t h  s t a n d a r d  
f e r r o u s  s u l f a t e  s o l u t i o n  and t h e  amount o f  o r g a n i c  m a t t e r  o x i -  
d i z e d  is  c a l c u l a t e d  from t h e  amount o f  p o t a s s i u m  d i c h r o m a t e  re- 
duced .  M u l t i p l i c a t i o n  by  a  f a c t o r  o f  1.724 g i v e s  o r g a n i c  m a t t e r  
a s  a  p e r c e n t  o f  o v e n  d r y  w e i g h t  o f  s o i l .  T h r e e  r e p l i c a t e s  o f  
e a c h  o f  10 s o i l  s a m p l e s  were a n a l y z e d .  
S o i l  pH was measured  e l e c t r o m e t r i c a l l y  u s i n g  a  Beckman 
Phasa r - I  d i g i t a l  pH meter. Equal  vo lumes  o f  s o i l  and d e i o n i z e d  
w a t e r  were mixed and l e f t  to s t a n d  f o r  24-hours  to a l l o w  f o r  
a n  e q u i l i b r i u m  t o  b e  e s t a b l i s h e d .  The pH meter was c a l i b r a t e d  
u s i n g  s t a n d a r d  s o l u t i a n s o f  b o t h  pH 4.0 and pH 7 . 0 .  Read ings  
were t a k e n  f o r  t h r e e  r e p l i c a t e s  o f  e a c h  o f  10 s o i l  s amples .  
F i e l d  C a p a c i t y  and  Permanent-Wil t i n g  P e r c e n t a g e  
F i e l d  c a p a c i t y  and p e r m a n e n t - w i l t i n g  p e r c e n t a g e  were d e t e r -  
mined u s i n g  p r e s s u r e  p l a t e s ,  a  s t a n d a r d  l a b o r a t o r y  t e c h n i q u e .  
S o i l s  were p l a c e d  i n  r u b b e r  r e t a i n i n g  r i n g s  and p l a c e d  o n  t h e  
p r e s s u r e  p l a t e s .  The p l a t e s  were c o v e r e d  w i t h  w a t e r  to w e t  t h e  
s a m p l e s  from below and l e f t  to s o a k  o v e r n i g h t .  Excess  w a t e r  was 
d r a i n e d  o f f  and t h e  p r e s s u r e  p l a t e s  were p l a c e d  i n  a  p r e s s u r e  
chamber.  An e x t r a c t i o n  p r e s s u r e  o f  0. 1 b a r  was used f o r  f i e l d  
c a p a c i t y  w h i l e  a n  e x t r a c t i o n  p r e s s u r e  o f  15 b a r s  was used f o r  
p e r m a n e n t - w i l t i n g  p e r c e n t a g e .  The s a m p l e s  were a l lowed  to  r ema in  
i n  t h e  p r e s s u r e  chambers  u n t i l  t h e  w a t e r ,  c o n t e n t  was s t a b l e .  The 
s a m p l e s  were t r a n s f e r r e d  t o  s o i l  c a n s ,  weighed ,  o v e n  d r i e d ,  and 
weighed a g a i n .  M o i s t u r e  c o n t e n t  was c a l c u l a t e d  a s  a  p e r c e n t a s e  
o f  o v e n  d r y  w e i g h t .  T h r e e  r e p l i c a t e s  f o r  e a c h  o f  10 s o i l  s amples  
were  t e s t e d  a t  e a c h  e x t r a c t i o n  p r e s s u r e .  
RESULTS AND DISCUSSION 
VEGETATION MAP AND PROFILE DIAGRAMS 
V e g e t a t i o n  Map 
The f i n a l  form o f  t h e  v e g e t a t i o n  map c o n s i s t s  o f  l a b e l e d  
v e g e t a t i o n  u n i t s  o u t l i n e d  on  a  c l e a r  p l a s t i c  o v e r l a y  t o  a  com- 
p o s i t e  o f  t h e  USGS q u a d r a n g l e  maps t h a t  c o v e r  t h e  C r a t e r  D i s t r i c t  
o f  H a l e a k a l a  N a t i o n a l  Pa rk .  C o p i e s  o f  t h i s  f i n a l  map a r e  on  f i l e  
a t  Wes te rn  Reg iona l  H e a d q u a r t e r s  o f  t h e  N a t i o n a l  P a r k  S e r v i c e ,  
San F r a n c i s c o  ; H a l e a k a l a  N a t i o n a l  P a r k  H e a d q u a r t e r s ,  Maui ; and 
t h e  C o o p e r a t i v e  N a t i o n a l  Pa rk  Resource  S t u d i e s  U n i t  i n  t h e  
Depar tment  o f  Botany ,  U n i v e r s i t y  o f  Hawaii  a t  Manoa, Hano lu lu .  
The map is p r e s e n t e d  h e r e  a s  a  s i m p l e  f o l d - o u t  map s h e e t  (see 
p o c k e t  o n  i n s i d e  o f  back  c o v e r ) .  
The communi t i e s  a r e  l a b e l e d  o n  t h e  map u s i n g  a  c o m b i n a t i o n  
o f  symbols  d e r i v e d  from g e n e r i c  names,  p l a n t  c o v e r  d e s i g n a t i o n s ,  
v e g e t a t i o n  s t r u c t u r e ,  s u b s t r a t e ,  o r  o t h e r  p r e d o m i n a n t  s u r f a c e  
f e a t u r e .  Symbol c o m b i n a t i o n s  u s u a l l y  c o n t a i n  a  f r o n t  symbol o f  
l e t t e r s  i n d i c a t i n g  t h e  more o b v i o u s  v e g e t a t i o n  o r  s u r f a c e  f e a -  
t u r e s  and an a t t r i b u t e  symbol added i n  p a r e n t h e s e s  a f t e r  t h e  
f r o n t  symbol to  i n d i c a t e  a f i n e r  v a r i a t i o n  w i t h i n  t h o s e  f e a t u r e s  
(Mueller-Dombois & Fosberg  1 9 7 4 ) .  A t o t a l  o f  1 9  symbols  were 
used t o  c o n s t r u c t  t h e  map u n i t s  which a p p e a r  on  t h e  v e g e t a t i o n  
map ( T a b l e  1 ) .  
The mapped v e g e t a t i o n  h a s  b e e n  c l a s s i f i e d  i n t o  53 s t r u c -  
t u r a l - f l o r i s t i c  communi t i e s  t h a t  a r e  g rouped  i n t o  f o u r  s t r u c t u r a l  
v e g e t a t i o n - t y p e s  ( T a b l e  2 ) .  F o r e s t  communi t i e s  were d e f i n e d  a s  
t h o s e  a r e a s  i n  which t h e  t a l l e s t  v e g e t a t i o n  l a y e r  was composed o f  
woody v e g e t a t i o n  g r e a t e r  t h a n  o r  e q u a l  to  5 rn ( 1 6  f t )  i n  h e i s h t  
w i t h  a t  l e a s t  30% crown c o v e r .  S c r u b  communi t i e s  were d e f i n e d  a s  
a r e a s  i n  which t h e  uppermost  v e g e t a t i o n  l a y e r  was composed o f  
woody s p e c i e s  g r e a t e r  t h a n  0.3 m ( 1  f t )  b u t  less  t h a n  5 m i n  
h e i g h t  w i t h  a  crown c o v e r  e x c e e d i n g  30%. G r a s s l a n d  communi t i e s  
were d e f i n e d  a s  a r e a s  i n  which g r a s s  s p e c i e s  had more t h a n  3 0 %  
c o v e r  w h i l e  t h e  c o v e r  o f  woody s p e c i e s  was l e s s  t h a n  30%.  High 
a 1  t i t u d e  d e s e r t  communi t i e s  were d e f i n e d  a s  a r e a s  hav i n a  l.ess 
t h a n  30% t o t a l  p l a n t  c o v e r .  Cover was d e f i n e d  a s  t h e  v e r t i c a l  
p r o j e c t i o n  o f  t h e  crown or  s h o o t  a r e a  o f  a  s p e c i e s  to t h e  g round  
and e x p r e s s e d  a s  a  p e r c e n t  o f  t h e  r e f e r e n c e  a r e a  (Muel ler-Dombois  
& E l l e n b e r g  1 9 7 4 ) .  C losed  c o v e r  was d e f i n e d  a s  60% or more 
c o v e r .  Open c o v e r  was d e f i n e d  a s  30-60% c o v e r .  S p a r s e  c o v e r  was 
d e f i n e d  a s  l e s s  t h a n  30% c o v e r .  These  c o v e r  d e s i g n a t i o n s  were 
a p p l i e d  to  a  s i n g l e  l a y e r  o f  t h e  v e g e t a t i o n .  For example ,  a  com- 
m u n i t y  may b e  termed an  o p e n  c o v e r  f o r e s t  community w i t h  a  c l o s e d  
c o v e r  s h r u b  l a y e r  composing t h e  u n d e r s t o r y .  
A r e a s  f o r  t h e  v e g e t a t i o n  communi t i e s  mapped a t  1: 24,000 
( T a b l e  3 )  were d e t e r m i n e d  u s i n g  an  e l e c t r o n i c  p l a n i m e t e r .  The 
t o t a l  a r e a  mapped was 7544.8 ha ( 1 8 , 6 4 3  a c r e s ) .  S c r u b  commu- 
n i t i e s  had t h e  l a r g e s t  t o t a l  a r e a  o f  3691.7 ha  ( 9 1 2 2  a c r e s ) .  
F o r e s t  communi t i e s  had t h e  s m a l l e s t  t o t a l  a r e a  o f  164.9 ha ( 4 0 7  
a c r e s ) .  In  terms o f  a r e a ,  t h e  m o s t  common map u n i t  was t h o s e  
TABLE 1. Explanation of map symbols used for vegetation unit 




closed (>60% cover) used only in combinations 
cin cinder 
D Deschampsia australis 
Dd Dodonaea eriocarpa (individuals of tree stature) 
Eu Eupatorium adenophorum 
Holcus lanatus 
it introduced trees (Eucalyptus, Pinus, etc.) 
Metrosideros collina 
mixed grasses (Holcus, Anthoxanthum, Poa, - etc.) 
MY Myrsine lanaiensis 
ns native shrubs (Styphelia, Vaccinium, Coprosma, etc.) 
o open (30-60% cover) used only in combinations 
Pennisetum clandestinum 
r rock (commonly pEhoehoe or 'a's lava) 
Ru Rubus hawaiiensis 
Sadleria cyatheoides 
So Sophora chrysophylla (individuals of tree stature) 
( xy) symbol in parentheses indicates scattered or sparse 
cover (~30%) or as an understory of or matrix between 
the vegetation of the front symbol, used only in 
combinat ions 
TABLE 2 .  Symbols and names o f  mapped v e g e t a t i o n  u n i t s  i n  t h e  
C r a t e r  D i s t r i c t  o f  Ha leaka la  Na t i ona l  Park .  
Map 
Symbol Community Name 
F o r e s t  communities 
c M  c l o s e d  Met ros ide ros  f o r e s t  
cDd-My c l o s e d  Dodonaea and Myrsine f o r e s t  
cDd- A c  c l o s e d  Dodonaea and Acacia  f o r e s t  
OM open Me t ro s ide ro s  f o r e s t  
OM ( n s )  open Me t ro s ide ro s  f o r e s t  w i t h  a  n a t i v e  s c rub  under-  
s t o r y  
OM-My (Sd) o p e n - ~ e t r o s i d e r o s  and Myrsine f o r e s t  w i t h  much 
S a d l e r i a  i n  t h e  u n d e r s t o r y  
oDd ( M )  open Dodonaea f o r e s t  w i t h  s c a t t e r e d  Me t ro s ide ro s  
i n d i v i d u a l s  
oDd-So open Dodonaea and Sophora f o r e s t  
oAc (mx) open Acacia  f o r e s t  w i t h  a  mixed g r a s s  m a t r i x  
OM-So ( n s )  open Me t ro s ide ro s  and Sophora f o r e s t  w i t h  a n  under- 
s t o r y  o f  n a t i v e  sh rubs  
it in t roduced  trees (Euca lyp tus ,  P inus ,  e t c . )  
Scrub communities 
cn s  
cn s  (mx) 
cns-mx 
cns  ( r )  
n s  
ns  ( c i n )  
n s  ( r )  
n s  (mx) 
ns-mx 
ns-mx (Sd) 
ns-mx ( r )  
c l o s e d  n a t i v e  s c r u b  on s u b s t r a t e s  o f  v a r i o u s  pa r -  
t i c l e  s i z e  
c l o s e d  n a t i v e  s c r u b  w i t h  a  mixed g r a s s  m a t r i x  
c l o s e d  n a t i v e  s c r u b  w i t h  a c l o s e d  cove r  mixed g r a s s  
m a t r i x  
c l o s e d  n a t i v e  s c r u b  on a  rock  g u b s t r a t e  
open n a t i v e  s c r u b  on s u b s t r a t e s  o f  v a r i o u s  p a r t i c l e  
s i z e  
open n a t i v e  s c r u b  on a  c i n d e r  s u b s t r a t e  
open n a t i v e  s c r u b  on a  rock s u b s t r a t e  
open n a t i v e  s c r u b  w i t h  a  mixed g r a s s  m a t r i x  
open n a t i v e  s c r u b  w i t h  a  mixed g r a s s  m a t r i x  having 
open t o  c l o s e d  cover  
open n a t i v e  s c r u b  w i t h  a n  open t o  c l o s e d  mixed g r a s s  
m a t r i x  and s c a t t e r e d  S a d l e r i a  f e r n s  
open n a t i v e  s c r u b  w i t h  an  open mixed g r a s s  m a t r i x  on 
a  rock s u b s t r a t e  
open n a t i v e  s c r u b  w i t h  s c a t t e r e d  Sophora trees and a  
mixed g r a s s  m a t r i x  
open n a t i v e  s c r u b  on a  rock and c i n d e r  s u b s t r a t e  
open n a t i v e  s c r u b  w i t h  a  m a t r i x  o f  mixed g r a s s e s  and 
exposed rock  
open n a t i v e  s c r u b  w i t h  a  Deschampsia g r a s s  m a t r i x  
TABLE 2--Continued. 
Map 
Symbol Community Name 
Scrub communities - (con't.) 
ns-D open native scrub with a Deschampsia grass matrix 
having open to closed cover 
ns-r open native scrub with a matrix of exposed rock 
having nearly equal cover 
cRu-mx closed Rubus patch with a closed mixed grass matrix 








closed Descham~sia qrassland - - - - -  
closed ~eschambsia and Holcus grassland 
closed H o l c u s ~ e s c h a m ~ s i a  grassland with scat- 
tered native shrubs 
closed Holcus -- grassland with scattered Deschampsia 
tussocks 
closed Holcus qrassland - - -  
closed ~ennisetum grassland with scattered Holcus 
closed mixed qrass grassland 
open Descham sia grassland 
--&- open Desc ampsla grassland with scattered native 
shrubs 
open Deschampsia - grassland with scattered Sophora 
trees 
mx mixed grasses 
mx (ns) mixed grasses with scattered 
mx (So) mixed grasses with scattered 
mx (Sd) mixed grasses with scattered 
High altitude desert communities 
-- 
cin barren cinder 
cin (ns) barren cinder with scattered 
cin (D) barren cinder with scattered 
tussocks 






r-cin(ns) barren rock and cinder with scattered native shrubs 
r-cin (D) barren rock and cinder with scattered Deschampsia 
grass tussocks 
r (ns) barren rock with scattered native shrubs 
r (ns-mx) barren rock with scattered native shrubs and mixed 
grasses 
r-ns barren rock with native shrubs 
TABLE 3.  T o t a l  area mapped b y  v e g e t a t i o n - t y p e s  a n d  map u n i t s  i n  
t h e  C r a t e r  D i s t r i c t  o f  H a l e a k a l a  N a t i o n a l  P a r k .  
Map U n i t  Hectares 
A r e a  
-
A c r e s  
cDd-My 
cDd-AC 
c M  
OM 
OM ( n s )  
OM-So ( n s )  
OM-My (Sd)  
oDd ( M f  
oDd-So 
o A c  (mx) 
it 
c n s  
c n s  (mx) 
cns-mx 
c n s  ( r )  
c D  
c D - H 1  
cmx 
c H 1  
c H 1  ( D )  
c H 1 - D  ( n s )  
P e  ( H l )  
3 
B n s  ( d i n )  
U 
3 n s  ( r )  
cr; n s  (mx) 
B n s  (So-mx) 
19 .09  
1 0 . 7 1  
2 .06 
4 2 - 8 1  
23.76 
4 .82  
4.19 
8 .39  
4 .19  
21 .35  
23 .53  










588 .65  
1 4 . 1 2  
284 .81  
167 .49  
131 .28  
35.04 




1 6 . 6 0  
1 . 9 1  
5 . 1 8  
T o t a l  9122 .03  
n s ( r - c i n )  
n s (mx- r )  
n s ( D )  
ns-D 
n s  -mx 
ns-mx (Sd)  
ns-mx ( r )  
n s - r  









































r-cin(D) ;)" rrns) 
x r (ns-mx) 
Total 
a r e a s  w h e r e  t h e  r o c k  a n d  c i n d e r  s u b s t r a t e  was t h e  d o m i n a n t  s u r -  
f a c e  f e a t u r e  ( r - c i n )  . T h i s  s i n g l e  u n i t  had a  t o t a l  a r e a  o f  
1119.5 h a  ( 2 7 6 6  a c r e s ) ,  l a r g e r  t h a n  t h e  t o t a l  f o r  f o r e s t  and 
g r a s s l a n d  c o m m u n i t i e s  c o m b i n e d .  J n  terms o f  f r e q u e n c y ,  t h e  most 
common communi ty  was o p e n  c o v e r  mixed g r a s s e s  w i t h  s c a t t e r e d  
n a t i v e  s h r u b s  m x ( n s ) .  T h i s  communi ty  was mapped 15  times b u t  had 
a  t o t a l  a r e a  o f  o n l y  11 1.2 h a  ( 2 7 5  a c r e s )  . The m o s t  common map 
u n i t ,  i n  terms o f  a r e a ,  w i t h  s i q n i f i c a n t  v e g e t a t i o n  c o v e r  ( > 3 0 % )  
was c l o s e d  n a t i v e  s c r u b  w i t h  a mixed  g r a s s  m a t r i x  c n s ( m x ) .  T h i s  
communi ty  c o v e r e d  611.6  h a  ( 1 5 1 1  a c r e s )  o f  
P r o f i l e  D i a a r a m s  
t h e  s t u d y  a r e a .  
T h r e e  t o p o g r a p h i c  v e g e t a t i o n  p r o f i l e s  were c o n s t r u c t e d  to  
a i d  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  map u n i t s .  The c o u r s e s  o f  
t h e s e  p r o f i l e s  a r e  shown o n  a  r e f e r e n c e  map o f  t h e  P a r k  ( F i g .  3 ) .  
T h e s e  c o u r s e s  were c h o s e n  to cross a s  much o f  t h e  s t u d y  a r e a  a s  
p o s s i b l e  w h i l e  i l l u s t r a t i n g  a s  much o f  t h e  r a n a e  i n  v e q e t a t i o n -  
t y p e s  and  e n v i r o n m e n t a l  v a r i a b l e s  a s  p o s s i b l e .  P r o f i l e  1 ( F i g .  
4 )  r u n s  f rom t h e  P a r k  b o u n d a r y  a t  P u ' u  N i a n i a u  o n  t h e  n o r t . h w e s t  
o u t s i d e  s l o p e  a t  2087.5 m ( 6 8 4 9  f t )  t o  K i l o h a n a  o n  t h e  w e s t  r i m  
o f  t h e  C r a t e r  a t  2926.1  m ( 9 6 0 0  f t ) .  P r o f i l e  2 ( F i g .  5 )  r u n s  
f rom K i l o h a n a ,  a c r o s s  t h e  c r a t e r  f l o o r ,  to  t h e  e a s t  r i m  o f  t h e  
C r a t e r  a b o v e  P a l i k C '  C a b i n  ( 1 9 4 5  m/5850 f t )  t h a t  s e p a r a t e s  Ha lea -  
k a l Z  C r a t e r  f rom ~ y ~ a h u l u  V a l l e y  a t  2133.6 m ( 7 0 0 0  f t )  . P r o f i l e  
3 ( F i g .  6 )  r u n s  f r o m  t h e  s o u t h e r n  P a r k  b o u n d a r y  i n  Kaupo' Gap a t  
1158.2 m ( 3 8 0 0  f t )  up  o v e r  K a l a p a w i l i  R i d g e  a t  7484 m ( 8 1 5 0  f t )  
t o  t h e  n o r t h e r n  P a r k  b o u n d a r y  o n  t h e  n o r t h  o u t s i d e  s l o p e  a t  
2316.5 m ( 7 6 0 0  f t ) .  
I n  p r o f i l e  1 ( F i g .  4 ) ,  a  d e c r e a s e  i n  b o t h  mean a n n u a l  p r e -  
c i p i t a t i o n  a n d  mean a n n u a l  t e m p e r a t u r e  a r e  a s s o c i a t e d  w i t h  t h e  
i n c r e a s e  i n  e l e v a t i o n .  An a p p a r e n t  e f f e c t  o f  t h e  t e m p e r a t u r e  
g r a d i e n t  c a n  b e  s e e n  a t  a b o u t  2590.8  m ( 8 5 0 0  f t )  w h e r e  t h e  v e g e -  
t a t i o n  becomes v e r y  s p a r s e  and  c a n  b e  t e r m e d  a  h i g h  a 1  t i t u d e  
d e s e r t .  T h i s  c h a n g e  may b e  a s s o c i a t e d  w i t h  t h e  d i u r n a l  ( d a i l y )  
f r o s t  b o u n d a r y ,  a b o v e  w h i c h  f r e e z i n g  t e m p e r a t u r e s  o c c u r  a t  g r o u n d  
l e v e l  e v e r y  n i g h t  o f  t h e  y e a r .  A s i m i l a r  a s s o c i a t i o n  o c c u r s  
a t  a p p r o x i m a t e l y  t h i s  e l e v a t i o n  o n  Mauna Loa o n  t h e  i s l a n d  o f  
Hawai '  i (Muel le r -Dombois  1 9 6 7 ) .  
I n  p r o f i l e  2  ( F i g .  5  ) , a n  i n c r e a s e  i n  mean a n n u a l  t emper -  
a t u r e  i s  a s s o c i a t e d  w i t h  t h e  d e c r e a s e  i n  e l e v a t i o n .  An i n c r e a s e  
i n  mean a n n u a l  p r e c i p i t a t i o n  is  a s s o c i a t e d  w i t h  t h e  west t o  e a s t  
o r i e n t a t i o n .  The i n c r e a s e  i n  r a i n f a l l  i s  r e l a t e d  to g r e a t e r  
e x p o s u r e  t o  t h e  e f f e c t s  o f  t h e  p r e d o m i n a n t  n o r t h e a s t  t r a d e  w i n d s .  
T h e s e  f a c t o r s  r e s u l t  i n  a  g r a d u a l  i n c r e a s e  i n  c o v e r  and  s t a t u r e  
o f  t h e  v e g e t a t i o n  f rom low g r o w i n g  v e r y  s p a r s e  v e a e t a t i o n  ( h i q h  
a l t i t u d e  d e s e r t )  t h r o u g h  s e v e r a l  v a r i a t i o n s  o f  s c r u b  c o m m u n i t i e s  
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9 W O R A  CHRYSOPHYLLA 
m RUBUS HAWAIIENSIS 
a GLOBOSE SHRUBS (STYPHELIA.VACCINIUM. ETC.) 
"? NATIVE LOW SHRUBS (COPROSMA, DOOONAEA, ETC 
PALIKU 
a FLAT GROWING SHRUBS (STYPHELIA. RAILLARDIA, ETC.) 
rr MIXED GRASSES (FESTUCA. HOLCUS. ANTHOXANTHUM. ETC.) 
rrrr HIGH ALTITUDE TUSSOCK GRASSES (DESCHAMPSIA, TRISETUM. HOLCUS, E T C )  
9 METROSIDEROS COLLINA 
F I G U I i E  5. Topographic vegetat ion p r o f i l e  2 of the  Crater  D i s t r i c t  of Haleakala National 
Park. 

I n  p r o f i l e  3 ( F i g .  6 ) ,  a  d e c r e a s e  i n  mean a n n u a l  t e m p e r a t u r e  
i s  a s s o c i a t e d  w i t h  t h e  i n c r e a s e  i n  e l e v a t i o n ,  and an  i n c r e a s e  i n  
mean a n n u a l  p r e c i p i t a t i o n  r e s u l t i n g  from g r e a t e r  e x p o s u r e  t o  t h e  
e f f e c t s  o f  t h e  n o r t h e a s t  t r a d e  winds  is a s s o c i a t e d  w i t h  t h e  s o u t h  
t o  n o r t h  o r i e n t a t i o n .  The lower  end  o f  t h e  p r o f i l e  a l s o  e x t e n d s  
below t h e  i n v e r s i o n  l a y e r  which o c c u r s  be tween  1700 and 2300 m 
(5000-7000 f  t )  e l e v a t i o n  (Blumens tock  & P r i c e  1967 ) . T h i s  f a c t o r  
complex r e s u l t s  i n  s e v e r a l  f o r e s t  communi t i e s  be tween  1290 and 
1890 m (4240-6200 f t )  which a r e  un ique  t o  t h i s  s e c t i o n  o f  t h e  
s t u d y  a r e a .  
These  p r o f i l e s  a lso  show t h e  r e l a t i o n s h i p  be tween  s u b s t r a t e  
and communi t y - t y p e  . Matching c o r r e l a t i o n s  i n c l u d e  o p e n  t u s s o c k  
g r a s s l a n d s  o n  c i n d e r  and a s h  s l o p e s ,  s c r u b  co f imun i t i e s  w i t h  
l i t t l e  o r  no g r a s s  m a t r i x  o n  r o c k y  s u b s t r a t e s ,  s c r u b  communi t i e s  
w i t h  a g r a s s  m a t r i x  o n  m o d e r a t e l y  r o c k y  c i n d e r  and a s h - d e r i v e d  
s o i l s ,  and c l o s e d  c o v e r  g r a s s l a n d s  o n  d e e p ,  f i n e  t e x t u r e d  c i n d e r  
and a s h  d e r i v e d  so i l s  which o c c u r  o n  a l m o s t  l e v e l  g round .  These  
c o r r e l a t i o n s ,  o f  c o u r s e ,  d o  n o t  e x p l a i n  a l l  c a u s a t i v e  r e l a t i o n -  
s h i p s  s i n c e  s o i l  and v e g e t a t i o n  e a c h  i n f l u e n c e  t h e  c o m p o s i t i o n  o f  
t h e  o t h e r  w i t h  b o t h  b e i n g  unde r  t h e  i n f l u e n c e  o f  t h e  c l i m a t e .  
The r e l a t i o n s h i p s  be tween  env i r o n m e n t a l  f a c t o r s  and t h e  v e g e t a -  
t i o n  p a t t e r n s  a r e  f u r t h e r  d i s c u s s e d  below w i t h  t h e  a i d  o f  t h e s e  
t o p o g r a p h i c  v e g e t a t i o n  p r o f i l e s .  
FLORISTIC COMMUNITY ANALYSES 
Dendrograph A n a l y s i s  
F i v e  d e n d r o g r a p h s  were produced  c o r r e s p o n d i n g  t o  t h e  f i v e  
m a t r i c e s  o f  s i m i l a r i t y  i n d e x e s  a s s o c i a t e d  w i t h  t h e  f i v e  methods  
f o r  c a l c u l a t i o n  o f  t h e  i n d e x e s  o f  s i m i l a r i t y .  A l l  f i v e  dendro-  
g r a p h s  produced  s i m i l a r  g r o u p i n g s  o f  t h e  r e l e v 6 s  ( v e g e t a t i o n  
s a m p l e s ) ,  b u t  t h e  d e n d r o g r a p h  based  o n  w r e n s e n ' s  p r e s e n c e /  
a b s e n c e  method o f  c a l c u l a t i o n  was t h o u g h t  to  g i v e  t h e  b e s t  
r e s u l t s  s i n c e  i t  showed fewer  i n c o n s i s t e n c i e s  i n  t h e  g r o u p i n g s .  
I n c o n s i s t e n c i e s  were c o n s i d e r e d  to b e  t h e  c l u s t e r i n g  o f  s t r u c -  
t u r a l l y  and  f l o r i s t i c a l l y  d i s s i m i l a r  v e g e t a t i o n - t y p e s  i n t o  t h e  
same g r o u p .  These c o n t r a d i c t i o n s  r e s u l t  from a  p a r t i c u l a r  c a l -  
c u l a t i o n  method o v e r e m p h a s i z i n g  o n e  or more s p e c i e s  common to  
s e v e r a l  r e l e v g s .  For example ,  f o r e s t ,  s c r u b ,  and g r a s s l a n d  com- 
m u n i t i e s  h a v i n g  o b v i o u s  s t r u c t u r a l  and f l o r i s t i c  d i f f e r e n c e s  may 
be  g rouped  t o g e t h e r  based  o n  t h e  h i g h  c o v e r  v a l u e  o f  a  s i n g l e  
s p e c i e s  i n  o n e  l a y e r ,  s u c h  a s  Holcus  l a n a t u s  L. ( v e l v e t g r a s s )  i n  
t h e  h e r b  l a y e r .  The d e n d r o g r a p h  which b e s t  f i t s  t h e  c o n c l u s i o n s  
r e a c h e d  from o t h e r  a p p r o a c h e s  ( s y n t h e s i s  t a b l e  t e c h n i q u e  and 
f i e l d  a s s e s s m e n t )  i s  shown i n  F i g u r e  7. 
Two c u t - o f f  l i n e s  were used f o r  t h e  o b j e c t i v e  i d e n t i f i c a t i o n  
o f  d e n d r o g r a p h  c l u s t e r s .  S i n c e  t h e  p u r p o s e  o f  t h i s  a n a l y s i s  was 
to  i d e n t i f y  e c o l o g i c a l l y  m e a n i n g f u l  c l u s t e r s ,  t h e  f i r s t  l i n e ,  
l i n e  1 i n  F i g u r e  7 ,  was drawn s u c h  t h a t  no r e l e v g s  were l e f t  
u n c l u s t e r e d .  T h i s  c o n d i t i o n  was f u l f i l l e d  a t  a  w i t h i n - g r o u p  
F I G U R E  7. Dendrograph from S$rensents presence/absence indexes of similarity for 




s i m i l a r i t y  o f  44% and i d e n t i f i e s  t h r e e  ma jo r  c l u s t e r s  ( A ,  B ,  
and  C )  . These t h r e e  c l u s t e r s  h a v e  t h e  lowest s i m i l a r i t y  t o  o n e  
a n o t h e r .  L i n e  2 i n  F i g u r e  7  was drawn a t  a  l e v e l  t h a t  i s o l a t e s  
s e v e n  more n a r r o w l y  d e f i n e d  c l u s t e r s  w i t h  a  minimum o f  s i n g l e  
c l u s t e r s .  The s e v e n  c l u s t e r s  ( a l ,  a s ,  a s ,  a 4 ,  b l ,  b 2 ,  and c )  
were i s o l a t e d  a t  a  w i t h i n - g r o u p  s i m i l a r i t y  o f  57.5% which l e f t  
f i v e  r e l e v 6 s  u n c l u s t e r e d  ( 4 0 ,  35, 27, 25, & l o ) ,  o r  o n l y  1 2 %  of 
t h e  t o t a l  number o f  r e l e v 6 s .  
The t h r e e  l o w e r - s i m i l a r i t y  c l u s t e r s  ( A ,  E, C o n  F i g .  7 )  
d i v i d e  t h e  v e g e t a t i o n  i n t o  s t r u c t u r a l  c a t e g o r i e s .  C l u s t e r  A 
g r o u p s  s c r u b  and f o r e s t  r e l e v g s ,  c l u s t e r  B g r o u p s  g r a s s l a n d  
r e l e v g s ,  and  c l u s t e r  C g r o u p s  h i g h  a l t i t u d e  d e s e r t  r e l e v g s .  The 
s e v e n  h i g h e r - s i m i l a r i t y  c l u s t e r s  s u b d i v i d e  t h e  l o w e r - s i m i l a r i t y  
c l u s t e r s  i n t o  f i n e r  v e g e t a t i o n - t y p e s .  The f i v e  r e l e v g s  n o t  
i n c l u d e d  i n  t h e  h i g h e r - s i m i l a r i t y  c l u s t e r s  were l e f t  a s  s i n g l e  
c l u s t e r s  s i n c e  t h e y  are  un ique  i n  t h e  s t u d y  a r e a  i n  some way. 
Four s u b c l u s t e r s  and t h r e e  u n c l u s t e r e d  r e l e v g s  r e s u l t e d  
from s u b d i v i d i n g  t h e  b road  woody v e g e t a t i o n  g r o u p  o f  c l u s t e r  A.  
C l u s t e r  a 1  ( r e l e v 6 s  17, 21,  30 ,  38,  5 ,  14, 42, & 3 1 )  r e p r e s e n t s  
n a t i v e  s c r u b  communi t i e s  c h a r a c t e r i z e d  by S t  h e l i a  (pEkiawe)  and 
Vaccinium ( ' E h e l o ) ;  c l u s t e r  a 2  ( r e l e v 6 s  3 ,  +, 6 ,  9  6 4 )  r e p r e -  
s e n t s  n a t i v e  s c r u b  communi t i e s  c h a r a c t e r i z e d  by Sophora  (mzmane) 
and Coprosma ( p i l o ) ;  c l u s t e r  a s  ( r e l e v g s  36,  37,  & 4 1 )  r e p r e s e n t s  
f o r e s t  and s c r u b  communi t i e s  w i t h  Dodonaea ( a )  trees i n  
t h e  t a l l e s t  v e g e t a t i o n  l a y e r ;  and c l u s t e r  a 4  ( r e l e v g s  20, 23,  & 
3 9 )  r e p r e s e n t s  n a t i v e  s c r u b  communi t i e s  w i t h  s p a r s e  (<30%1 c o v e r  
o n -  r o c k y  s u b s t r a t e s .  ~ e l e v 6  35 is a n  o p e n  ~ c a c i a  - koa ~ r a ~  ( k o a )  
f o r e s t  community w i t h  many e x o t i c  s p e c i e s  i n  t h e  h e r b a q o u s  l a y e r  
which a r e  n o t  found e l s e w h e r e  i n  t h e  s t u d y  a r e a .  Re leve  25 is  a n  
o p e n ,  low s t a t u r e  M e t r o s i d e r o s  ( ' 5 h i t a )  f o r e s t  community.  I t  i s  
i n c l u d e d  i n  t h e  woody community-type i n  t h e  l o w - s i m i l a r i t y  c l u s -  
t e rs  s i n c e  t h e  u n d e r s t o r y  i s  domina ted  by s h r u b  s p e c i e s . -  How- 
e v e r ,  r e f e r e n c e  t o  t h e  ungrouped s p e c i e s  i n  T a b l e  4  w i l l  show 
t h a t  t h i s  r e l e v 6  c o n t a i n e d  s p e c i e s  u n i q u e  to  t h e  s i t e .  ~ e l e v g  40 
is a  s c r u b  community domina ted  by pukiawe ( c l u s t e r  a l ) ,  b u t  i t i s  
i s  l o c a t e d  a t  a  r e l a t i v e l y  low e l e v a t i o n  and c o n t a i n s  s e v e r a l  
s p e c i e s  i n  t h e  h e r b a c e o u s  l a y e r  t h a t  a r e  un ique  w i t h i n  t h e  s t u d y  
a r e a .  
The g r a s s l a n d  communi t i e s  ( c l u s t e r  B )  were s u b d i v i d e d  in-  
t o  two s u b c l u s t e r s  (wh ich  seem to  b e  based  o n  t h e  p r e s e n c e  o r  
a b s e n c e  o f  v e l v e t g r a s s )  and o n e  u n c l u s t e r e d  r e l e v & .  C l u s t e r  b l  
combines  g r a s s l a n d  r e l e v 6 s  ( 2 ,  7, 15, & 1 6 )  i n  which v e l v e t -  
g r a s s  i s  a b s e n t .  C l u s t e r  b p  combines  g r a s s l a n d  r e l e v 6 s  ( 1  1 ,  1 2 ,  
18, 22, 24, 28, 29, 32,  & 3 4 )  i n  which v e l v e t g r a s s  is p r e s e n t .  
~ e l e v 6  27 is an  o p e n ,  low s t a t u r e  ' 5 h i g a  f o r e s t  community.  J t  
was i n c l u d e d  i n  t h e  g r a s s l a n d  communi t i e s  i n  t h e  l o w - s i m i l a r i  t y  
c l u s t e r s  s i n c e  i ts u n d e r s t o r y  i n c l u d e d  two g r a s s  s p e c i e s  o f  w ide  
d i s t r i b u t i o n  w i t h i n  t h e  s t u d y  a r e a ,  v e l v e t g r a s s  and Deschampsia 
a u s t r a l i s  Nees e x  S t e u d .  However, r e f e r e n c e  to t h e  ungrouped 
s p e c i e s  i n  T a b l e  4 w i l l  show t h a t  t h i s  r e l e v 6  c o n t a i n e d  s p e c i e s  
u n i q u e  to  t h e  s i t e .  
C l u s t e r  c ( r e l e v g s  13,  8 ,  3 3 ,  & 1 )  combines  a l l  b u t  o n e  
o f  t h e  h i g h  a l t i t u d e  d e s e r t  r e l e v g s  i n  c l u s t e r  C. Re leve  10 
i s  a  h i g h  a l t i t u d e  d e s e r t  community which c o n t a i n s  o n l y  t h r e s  
s p e c i e s  w i t h  less t h a n  1% t o t a l  c o v e r  and t h e r e f o r e  t h i s  r e l e v e  
i s  n o t  q u a l i t a t i v e l y  s i m i l a r  enough to b e  i n c l u d e d  i n  t h e  h igh -  
s i m i l a r i t y  c l u s t e r  ( c l u s t e r  c ) .  
These r e s u l t s  a r e  summarized i n  F i g u r e  8 ,  i n  which t h e  c l u s -  
ters and u n c l u s t e r e d  r e l e v g s  were e x t r a c t e d  to c l a r i f y  t h e  d i s -  
c u s s e d  v e g e t a t i o n - t y p e  r e l a t i o n s h i p s .  C l u s t e r  d e s i g n a t i o n s  
a p p e a r  o n  t h e  l e f t  s i d e  o f  t h e  f i g u r e ,  and r e l e v 6  numbers a l o n q  
t h e  t o p .  
S y n t h e s i s  T a b l e  A n a l y s i s  
The Ceska and Roemer ( 1 9 7 1 )  program produced  f i v e  s y n t h e s i s  
t a b l e s  c o r r e s p o n d i n g  t o  t h e  f i v e  i n s i d e - o u t s i d e  p e r c e n t a g e  corr- 
b i n a t i o n s  u t i l i z e d .  Of  t h e s e ,  t h e  6 6 / 3 3  o p t i o n  was t h o u g h t  to 
g i v e  t h e  b e s t  r e p r e s e n t a t i o n  o f  t h e  d a t a  s i n c e  i t  produced  t.he 
s m a l l e s t  number o f  r e l e v 6 s  ( v e g e t a t i o n  s a m p l e s )  t h a t  d i d  n o t  con- 
t a i n  a  s p e c i e s  g r o u p ,  t h u s  i t  had t h e  g r e a t e s t  number o f  r e l e v g s  
w i t h  some b a s i s  to  g r o u p  them i n t o  v e g e t a t i o n - t y p e s .  T h i s  o p t i o n  
r e s u l t e d  i n  e i g h t  s p e c i e s  g r o u p s .  The o r d e r  o f  t h e  r e l e v g s  i n  
t h e  t a b l e  were m a n u a l l y  r e a r r a n g e d  t o  more c l e a r l y  show t h e  d i s -  
t r i b u t i o n  o f  t h e s e  s p e c i e s  g r o u p s .  Rear rangement  o f  t h e  r e l e v 6  
o r d e r  is a  s t a n d a r d  o p t i o n  o f  t h e  program. The f i n a l  s y n t h e s i s  
t a b l e  w i t h  b o t h  t h e  g rouped  and ungrouped s p e c i e s  i s  shown i n  
T a b l e  4 ,  w i t h  t h e  s p e c i e s  g r o u p s  w i t h i n  b l o c k s  o f  r e l e v h s  o u t -  
1 ined  . 
A summary c h a r t  ( F i g .  9 )  was c o n s t r u c t e d  from t h e  d a t a  i n  
T a b l e  4 ,  f o l l o w i n g  a  f o r m a t  d e v e l o p e d  by Mueller-Dombois and 
B r i d g e s  ( 1975)  , to  f u r t h e r  c l a r i f y  t h e  i n f o r m a t i o n  d i s p l a y e d  i n  
t h e  s y n t h e s i s  t a b l e .  The s p e c i e s  g r o u p  numbers from T a b l e  4 a r e  
l i s t e d  on  t h e  l e f t  s i d e  o f  t h e  c h a r t  i n  t h e  same sequence  a s  i n  
t h e  s y n t h e s i s  t a b l e .  For d rawing  boundary  l i n e s ,  Mueller-Dombois 
and B r i d g e s  ( 1975)  have  s u g g e s t e d  t h e  c r i t e r i o n  o f  h a v i n g  a t  
l e a s t  two g r o u p  l i m i t s  to  i n d i c a t e  a  boundary .  However, i n  t h i s  
s t u d y  t h e  a n a l y s i s  h a s  r e s u l t e d  i n  much o v e r l a p p i n g  o f  g r o u p  
l i m i t s .  T h e r e f o r e ,  boundary  l i n e s  were o f t e n  drawn a t  t h e  l i m i t s  
o f  o n e  g r o u p  u s i n g  t h e  knowledge o f  t h e  v e g e t a t i o n  g a i n e d  w h i l e  
working i n  t h e  f i e l d .  A n i n t h  s p e c i e s  g r o u p  was added which i s  
composed o f  t h r e e  n e a r l y  u b i q u i t o u s  h e r b a c e o u s  s p e c i e s  ( H  po- 
g r a s s ) .  The r e a s o n  f o r  t h i s  a d d i t i o n  is d i s c u s s e d  below. 
3- c h a e r i s  r a d i c a t a  L. [gosmore] ; Deschampsia  a u s t r a l i s ;  and v e  v e t -  
Nine v e g e t a t i o n - t y p e s  were i d e n t i f i e d  and have  been  i n d i -  
c a t e d  o n  T a b l e  4 and F i g u r e  9. The f i r s t  t y p e  i s  an  o p e n  koa 
f o r e s t  which is u n i q u e  i n  t h e  s t u d y  a r e a .  I t  is t h e  o n l y  yege -  
t a t i o n - t y p e  r e p r e s e n t e d  by a  s i n g l e  sample  p l o t ,  r e l e v e  35. 
The p r e s e n c e  o f  s p e c i e s  g r o u p  5 a s s o c i a t e s  t h i s  t y p e  w i t h  t h e  
a  i f o r e s t ,  b u t  t h e  koa f o r e s t  l a c k s  s p e c i e s  g r o u p  6 and 
c o n t a i n s  a  number o f  ungrouped s p e c i e s  ( T a b l e  4 )  t h a t  a r e  found 
nowhere e l se  i n  t h e  s t u d y  a r e a .  
I RELNE NUMBER I 
FIGURE 8. Summary c h a r t  o f  dendrograph c l u s t e r s  (F ig .  5 )  from S$rensen1s presence/  
absence indexes  o f  s i m i l a r i t y  o f  r e l e v 6  ( v e g e t a t i o n  sample) d a t a  from 
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SPECIES GROUP 8 
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RELEVE NUMBER 
FIGURE 9 .  Summary c h a r t  of d a t a  from Synthesis  Table (Table 4 )  using 66 /33  opt ion  
f o r  r e l eve  (vegeta t ion  sample) d a t a  from t h e  Cra te r  D i s t r i c t  of Haleakala 
National Park. 
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The n e x t  t y p e  is d e f i n e d  by  s p e c i e s  g r o u p  2 ( F r a  a r i a  c h i l o -  
e n s i s  (L .  ) Duch. [ s t r a w b e r r y ]  ; Vaccinium berber& ( G r a y )  
S k o t t s b .  [ ' S h e l o ]  ; D r y o p t e r i s  p a l e a c e a  ( S w a r t z . )  C.  Chr.  ; Metro- 
-
s i d e r o s  c o l l i n a  ( J .  R. & G .  F o r s t . )  Gray ;  I ' 5 h i 1 a ]  ; Vaccinlum 
c a l  cinum Sm. [ ' G h e l o ]  ; U n c i n i a  u n c i n a t a  ( L .  f . )  Kuek.; and Pubus 
&is Gray  [ ' Z k a l a m i n c l u d e s  re1ev;s  25 and 27 .  
two s l tes  a r e  n o t  i d e n t i c a l ,  however .  a s  i n d i c a t e d  bv  t h e  o c c u r -  
r e n c e  o f  s p e c i e s  g r o u p  4 -  ( ~ ~ s i m a c h i a  s p .  [ k o l o k o l ~ k u a h i w i ]  and 
M y r s i n e  l a n a i e n s i s  Hbd. [ k s l e a ]  ) i n  r e l e v 6  25 and a  number o f  
s p e c i e s  u n i q u e  to e a c h  s i t e  l i s t e d  among t h e  ungrouped s p e c i e s  
( T a b l e  4 ) .  
The t h i r d  t y p e  is composed o f  f o r e s t  and n a t i v e  s c r u b  s i tes  
c o n t a i n i n g  ' a ' a l i l  i trees i n  t h e  t a l l e s t  v e g e t a t i o n  l a y e r .  T h i s  
t y p e  is r e p r e s e n t e d  by r e l e v h s  36, 37,  3 8 ,  and 4 1 ,  and is d e f i n e d  
by t h e  common o c c u r r e n c e  o f  s p e c i e s  g r o u p  6 ( P t e r i d i u m  a q u i l i n u m  
[ b r a c k e n ]  ; S t y p h e l i a  t ame iame iae  (Cham.) F. Muel l .  [p!?kiawe]; a n d  
Rumex a c e t o s e l l a  L. [ s h e e p  s o r r e l ] )  and s p e c i e s  g r o u p  5 (Eupa- 
t o r i u m  adenophorum Spreng .  [Maui pZ1makani]  ; Dodonaea e r i o c a r p a  
S m . a v a l i '  i ]  ; and  Os teomeles  a n t h y l l i d i f o l i a  L i n d l .  [ ' E l e i ]  ) . 
The f i r s t  n a t i v e  s c r u b  community-type c a n  b e  te rmed a  
Sophora-Coprosma (mlmane-pi lo  ) a s s o c i a t i o n  a c c o r d i n g  to t h e  
composi t l o n  o f  d e f i n i t i v e  s p e c i e s  g r o u p  3 (Sophora  c h r y s o p h y l l a  
( S a l i s b .  ) Seem. [mzmane] and Coprosma montana Hbd. [ p i l o ]  ) and 
t h e  d i s c u s s i o n  o f  t h e  a s s o c i a t i o n  c o n c e p t  i n  Mueller-Dombois and 
E l l e n b e r g  ( 1 9 7 4 ) .  T h i s  community-type i n c l u d e s  r e l e v g s  20, 4 2 ,  
19, 9 ,  5 ,  6 ,  and 3. ~ e l e v 6 s  6 and 3 c o m p r i s e  a  v a r i a t i o n  o f  t h i s  
t y p e  a s  i n d i c a t e d  by  t h e  p r e s e n c e  o f  s p e c i e s  g r o u p  1 which i n -  
c l u d e s  o n l y  two s p e c i e s ,  Geranium cuneatum Hook. ( h i n a h i n a )  and 
Anthoxanthum odoratum L. (sweet v e r n a l  g r a s s )  . 
The f i f t h  community-type i d e n t i f i e d  c a n  b e  termed a  S t y -  
-p h e l  ia-Vaccinium (p'ckiawe- ' E h e l o )  a s s o c i a t i o n  s i n c e  pckiawe 1s 
f h e l y  s h r u b  s p e c i e s  i n  s p e c i e s  g r o u p  6 ,  t h e  o n l y  g r o u p  p r e -  
s e n t ,  and  Vaccinium r e t i c u l a t u m -  Sm. ( 'Ghe lo )  , a n -  ungrouped 
s p e c i e s ,  o c c u r s  i n  f o u r , o f  t h e  f i v e  r e l e v 6 s  i n c l u d e d  i n  t h i s  
t y p e .  These  f i v e  r e l e v e s  a r e  4 ,  1 7 ,  21, 30,  and 40. 
The s i x t h  community-type i n c l u d e s  t h r e e  r e l e v g s  ( 3 9 ,  33, & 
1 4 )  t h a t  c o n t a i n  e l e m e n t s  o f  s e v e r a l  s p e c i e s  g r o u p s  from b o t h  
t h e  n a t i v e  s c r u b  community-types and t h e  h i g h  a l t i t u d e  d e s e r t  
communi t y - t y p e  . These o p e n  to  s p a r s e  c o v e r  n a t i v e  s c r u b  commu- 
n i t i e s  o c c u r  o n  r o c k y  s u b s t r a t e s .  They may b e  c o n s i d e r e d  t r a n s i -  
t i o n a l  be tween  t h e  n a t i v e  s c r u b  and d e s e r t  community t y p e s .  
Next to  b e  i d e n t i f i e d  is t h e  h i g h  a l t i t u d e  d e s e r t  community- 
t y p e  r e p r e s e n t e d  by r e l e v g s  13, 8 ,  10 ,  33,  and 1 whose dominan t  
s u r f a c e  f e a t u r e  is  r o c k  and /o r  c i n d e r  s u b s t r a t e .  T h i s  t y p e  is  
d e f i n e d  by s p e c i e s  g r o u p  8 which  c o n t a i n s  t w o  s p e c i e s  a d a p t e d  to  
t h e s e  extreme c o n d i t i o n s ,  Tetramolopium h u m i l e  ( G r a y )  Hbd. and  
Asplen  ium tr  ichomanes.  
The e i g h t h  community-type i s  g r a s s l a n d  c h a r a c t e r i z e d  by t h e  
p r e s e n c e  o f  s p e c i e s  g r o u p  6. The t y p e  i s  d i s t i n g u i s h e d  by t h e  
b r a c k e n  f e r n  s i n c e  piikiawe is o n l y  s p a r s e l y  r e p r e s e n t e d  i n  t h e s e  
s e v e n g r a s s l a n d r e l e v ~ s  ( 2 ,  18, 22, 24, 31, 32 ,  & 3 4 ) .  
The l a s t  communi t y - t y p e  i s  g r a s s 1  ands  d  i s t i n s u i s h e d  by t h e  
a b s e n c e  o f  s p e c i e s  g r o u p  6 ,  and t h e r e f o r e  b r a c k e n ,  and t h e  p r e -  
s e n c e  o f  o n l y  s p e c i e s  g r o u p  9  composed o f  t h r e e  n e a r l y  u b i q u i t o u s  
h e r b a c e o u s  s p e c i e s :  gosmore ,  v e l v e t g r a s s  and  ~ e s c h a m p s i a  aus -  
t r a l i s .  Re lev& 7 ,  1 1 ,  12, 15, 16, 2 6 ,  28, and 29 r e p r e s e n t  ms 
community- t y p e .  
Comparison o f  t h e  P h y t o s o c i o l o g i c a l  A n a l y s e s  
Both t h e  s y n t h e s i s  t a b l e  and t h e  d e n d r o g r a p h  9 n a l y s i s  p ro -  
duced s i m i l a r  v e g e t a t i o n - t y p e s  ( T a b l e  5 ) .  R e l e v e s  ( v e g e t a t i o n  
s a m p l e s )  t h a t  a r e  i n  t h e  same community-type b y  b o t h  a n a l y s e s  c a n  
b e  t h o u g h t  o f  a s  a "core g roup"  o f  sample  p l o t s  t h a t  b e s t  i l l u s -  
t r a t e  t h e  community-type.  Such core g r o u p s  i n c l u d e  r e l e v 6 s  17, 
2 1 ,  and 30 f o r  t h e  pu'kiawe-'iShelo a s s o c i a t i o n  and r e l e v g s  3 ,  6 1  
9 ,  and  19 f o r  mzmane-pilo a s s o c i a t i o n .  These  core g r o u p s  a r e  
u n d e r l i n e d  i n  T a b l e  5. However, some v a r i a t i o n  e x i s t s  i n  t h e  
r e l e v g s  c o n t a i n e d  i n  c o r r e s p o n d i n g  v e g e t a t i o n  commynity- types  
depend ing  o n  t h e  a n a l y t i c a l  t e c h n i q u e .  These  r e l e v e s  c a n  b e  
i n t e r p r e t e d  a s  i n t e r m e d i a t e  or t r a n s i t i o n a l  be tween  t h e  t w o  
community- types  i n  which a  g i v e n  r e l e v ;  o c c u r s .  For example ,  
r e l e v 6  38 o c c u r s  i n  t h e  a a l i  f o r e s t  and n a t i v e  s c r u b  
community-type by  t h e  s y n t h e s i s  t a b l e  a n a l y s i s  t h a t  used a s s o -  
c i a t e d  s p e c i e s  g r o u p s ,  b u t  o c c u r s  i n  t h e  piikiawe- '%el0 a s s o c i a -  
t i o n  by t h e  d e n d r o g r a p h  a n a l y s i s  t h a t  u s e s  t h e  S o t a l  q u a l i t a t i v e  
s i m i l a r i t y  o f  t h e  r e l e v e s .  T h e r e f o r e ,  r e l e v e  38 can  b e  i n t e r -  
p r e t e d  a s  i n t e r m e d i a t e  be tween  t h e s e  two community- types  . T h i s  
is  presumably  r e l a t e d  t o  an  i n t e r m e d i a t e  p o s i t i o n  on  o n e  or  more 
e n v i r o n m e n t a l  g r a d i e n t s  be tween  t h e  c o r e  g r o u p  r e l e v e s  o f  t h e  two 
t y p e s .  S i m i l a r  o b s e r v a t i o n s  imp ly  t h a t  r e l e v g s  4 ,  5 ,  and  4 2  a r e  
t h e  i n t e r m e d i a t e  between t h e  pGkiawe- 'Shelo a s s o c i a t i o n  and t h e  
s p a r s e  n a t i v e  s c r u b  t y p e  o n  d r y ,  r o c k y  s u b s t r a t e s .  The r e l e v g s  
t h a t  make up t h e  h i g h  a l t i t u d e  d e s e r t  t y p e  a r e  i d e n t i c a l  f o r  b o t h  
a n a l y s e s ,  a s  a r e  t h e  r e l e v g s  t h a t  make up t h e  o p e n  I 5 h i g a  and koa 
t y p e s .  However, t h e  l a t t e r  two community- types  a r e  lumped 
t o g e t h e r  i n  t h e  d e n d r o g r a p h  a n a l y s i s .  
G r a s s l a n d  communi t i e s  were d i v i d e d  i n t o  t w o  community- types  
b y  b o t h  a n a l y s e s ,  b u t  t h e  b a s i s  f o r  t h e  d i v i s i o n  was n o t  t h e  same 
f o r  b o t h  c a s e s .  The s y n t h e s i s  t a b l e  a n a l y s i s  u s i n g  a s s o c i a t e d  
s p e c i e s  g r o u p s  s e p a r a t e d  g r a s s l a n d s  c o n t a i n i ~ g  s p e c i e s  g r o u p  6 
from t h o s e  w i t h o u t  t h a t  g r o u p .  I n  t h o s e  r e l e v e s ,  t h i s  i m p l i e s  
t h e  p r e s e n c e  o r  a b s e n c e  o f  b r a c k e n  s i n c e  p t k i a w e ,  a  s h r u b  spe -  
c i e s ,  is  r a r e  or  a b s e n t  i n  t h e s e  g r a s s l a n d  r e l e v g s  ( T a b l e  4 ) .  
The d i s t i n c t i o n  is presumably  r e l a t e d  to some complex o f  e n v i r o n -  
m e n t a l  v a r i a b l e s ,  s i n c e  no s i n g l e  v a r i a b l e  c a n  b e  c o r r e l a t e d  w i t h  
t h e  d i s t r i b u t i o n  o f  t h e s e  community- types  from t h e  d a t a  c o l l e c t e d  
i n  t h i s  s t u d y .  The d e n d r o g r a p h  a n a l y s i s ,  u s i n g  t o t a l  q u a l i  t a t i v e  
TABLE 5. Comparison of relev6 (vegetation sample) grouping of 
the two phytosociological analyses of relev6 data from 
the Crater District of Haleakala National Park. Core 
group relev& that occur in the same group by both 
analyses are underlined. 
Group Synthesis Table Dendrograph 
Acacia forest 35 
-
Metrosideros forest 25,27 
Dodonaea forest and 
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s i m i l a r i t y ,  s e p a r a t e d  two g r o u p s  which seem to  b e  based  on t h e  
p r e s e n c e  o r  a b s e n c e  o f  v e l v e t g r a s s  s i n c e  t h e  s p e c i e s  l i s t  o f  
e v e r y  r e l e v 6  i n  c l u s t e r  b2 c o n t a i n s  t h a t  s p e c i e s  whereas  i t  is 
a b s e n t  f rom t h e  s p e c i e s  l i s t  o f  a l l  t h e  r e l e v g s  i n  c lus te r  b l  . 
T h i s  s e p a r a t i o n  a p p e a r s  to  b e  a s s o c i a t e d  w i t h  a  n o i s t u r e  g r a d i e n t  
s i n c e  a l l  t h e  r e l e v 6 s  a r e  mesic o r  w e t  s i t e s .  T h a t  i s ,  v e l v e t -  
g r a s s  seems to  b e  u n a b l e  t o  compete  i n  d r y  s i t u a t i o n s .  
Because  e a c h  g r a s s l a n d  communi t y - t y p e  is s o  d i s t i n c t i v e l y  
d e f i n e d ,  no i n t e r m e d i a t e  r e l e v g s  c o u l d  b e  i d e n t i f i e d .  However, 
r e l e v 6  3 1 seems t o  b e  i n t e r m e d i a t e  between a g r a s s l a n d  community- 
t y p e  and a  s c r u b  community-type.  The s y n t h e s i s  t a b l e  a n a l y s i s  
g r o u p s  t h i s  r e l e v ;  w i t h  g r a s s l a n d s  w h i l e  t h e  d e n d r o g r a p h  a n a l y s i s  
g r o u p s  i t  w i t h  s c r u b  communi t ies .  T h e r e f o r e ,  t h i s  r e l e v 6  c a n  b e  
i n t e r p r e t e d  a s  a  v e r y  open  s c r u b  community w i t h  a  g r a s s  m a t r i x  o r  
a s  a  g r a s s l a n d  community w i t h  s c a t t e r e d  s h r u b s ,  a s  was i n d i c z t e d  
o n  t h e  map. 
These 10 g r o u p i n g s  from t h e  two p h y t o s o c i o l o s  i c a l  a n a l y s e s  
d i s t r i b u t e  t h e  mapped v e g e t a t i o n  u n i t s  i n t o  f l o r i s t i c a l l y  d i s t i n -  
g u i s h e d  communi t y - t y p e s  w i t h i n  f o u r  b a s i c  . s t r u c t u r a l  community- 
t y p e s .  W i t h i n  t h e  f o r e s t  community- type,  koa , ' 5 h i 1 a  , and  
l a ' a l i '  i domina ted  s u b d i v i s i o n s  were d i s t i n a u i s h e d .  Ten o f  t h e  
5 1  mapped v e g e t a t i o n  u n i t s  c l a s s i f i e d  a s  f o r e s t  f i t  t h e s e  sub- 
d i v i s i o n s  ( T a b l e  2 ) .  The e x c l u d e d  u n i t  was e u c a l y p t u s  and p i n e  
p l a n t a t i o n .  
W i t h i n  t h e  s c r u b  community-type t h e r e  were f o u r  s u b d i v i -  
s i o n s .  These  were s c r u b  a r e a s  domina ted  by l a t a l i '  i , a  pGkiawe- 
' E h e l o  a s s o c i a t i o n ,  a  mzmane-pilo a s s o c i a t i o n ,  and s c r u b  a r e a s  
w i t h  o p e n  t o  s p a r s e  c o v e r  o f  mixed f l o r i s t i c  c o m p o s i t i o n  o n  d r y  
and r o c k y  s u b s t r a t e s .  N i n e t e e n  mapped v e g e t a t i o n  u n i t s  were o f  
t h e  s c r u b  community-type ( T a b l e  2 ) ,  o f  which o n l y  two c o u l d  n o t  
b e  i n c l u d e d  i n  o n e  o f  t h e s e  f l o r i s t i c  s u b d i v i s i o n s .  These  t w o  
were t h e  c l o s e d  Maui p a l m a k a n i  s c r u b  w i t h  mixed g r a s s e s  and 
c l o s e d  ' S k a l a  s c r u b  w i t h  mixed g r a s s e s .  Both were o f  l i m i t e d  
d i s t r i b u t i o n  ( T a b l e  3 )  and were n o t  sampled .  
The g r a s s l a n d  community-type was s u b d i v  ided  i n t o  f o u r  
f l o r i s t i c  communi t y - t y p e s .  A l l  1 4  mapped v e g e t a t i o n  u n i t s  were 
i n c l u d e d  i n  t h e  s t r u c t u r a l l y  d e f i n e d  g r a s s l a n d s .  
The h i g h  a l t i t u d e  d e s e r t  community-type was n o t  s u b d i -  
v i d e d  by t h e s e  a n a l y s e s .  A l l  f i v e  r e l e v g s  which sampled t h i s  
community-type were g rouped  t o g e t h e r  by b o t h  a n a l y s e s .  Nine 
mapped v e g e t a t i o n  u n i t s  were i n c l u d e d  i n  t h i s  t y p e  ( T a b l e  2 ) .  
These a n a l y s e s  show t h a t  t h e  C r a t e r  D i s t r i c t  o f  H a l e a k a l a  
N a t i o n a l  P a r k  c o n t a i n s  mappable  v e g e t a t i o n  u n i t s  t h a t  c a n  b e  
g rouped  i n t o  f l o r i s t i c  s u b d i v i s i o n s  o f  s e v e r a l  o f  t h e  community- 
t y p e s  c h a r a c t e r i s t i c  o f  t r o p i c a l  a l p i n e  and s u b a l p i n e  e c o s y s t e m s .  
These a r e  e r i c a c e o u s  ( p E k i a w e - l i k e )  s c r u b ,  t u s s o c k  g r a s s l a n d ,  
and h i g h  a l t i t u d e  d e s e r t .  Only t h e  t r e e - l i k e  ( a r b o r e s c e n t )  and 
r o s e t t e  l i f e - f o r m s  do  n o t  o c c u r  a s  mappable  v e g e t a t i o n  u n i t s  a s  
t h e y  d o  i n  o t h e r  t r o p i c a l  h i g h  moun ta in  a r e a s .  However, a w o o l l y  
c a n d l e - t y p e  s p e c i e s ,  t h e  s i l v e r s w o r d  ( Argyrox iphium sandwicense  
D C . ) ,  d o e s  o c c u r  i n  t h e  s t u d y  a r e a  b u t  i t s  d i s t r i b u t i o n  is  
l i m i t e d  to  c o l o n i e s  i n  c i n d e r  c o n e  a r e a s  and to  an  e n c l o s u r e  on  
t h e  o u t s i d e  s l o p e  t h a t  is p r o t e c t e d  and m a i n t a i n e d  by t h e  P a r k  
(Kobayash i  1973 ) .  E a r l y  a c c o u n t s ,  however ,  d e s c r i b e  t h i s  s p e c i e s  
a s  b e i n g  common t h r o u g h o u t  t h e  C r a t e r  a s  w e l l  a s  on  t h e  o u t s i d e  
s l o p e  ( R u h l e  1959; L a r s o n  1969 ) . S u b s e q u e n t l y ,  t h e  s i l v e r s w o r d  
h a s  had i t s  d i s t r i b u t i o n  i n  t h e  a r e a  r e s t r i c t e d  due  t o  v a n d a l i s m  
by  humans and g r a z i n g  by f e r a l  g o a t s  ( R u h l e  1959; La r son  1969; 
Kobayashi  1 9 7 3 ) .  A t  o n e  t i m e ,  t h e n ,  s i l v e r s w o r d s  may have  been  
a  s i g n i f i c a n t  component o f  mappable  v e g e t a t i o n  u n i t s  w i t h i n  t h e  
' C r a t e r  D i s t r i c t  o f  H a l e a k a l a  N a t i o n a l  Pa rk .  Thus ,  t h e  f i r s t  
h y p o t h e s i s  p roposed  f o r  t h i s  s t u d y  i s  a t  l e a s t  p a r t i a l l y  sup-  
p o r t e d  by t h e  r e s u l t s ,  w i t h  a good p r o b a b i l i t y  t h a t  t h e  und i s -  
t u r b e d  v e g e t a t i o n  c o n t a i n e d  a l l  f o u r  o f  t h e  c h a r a c t e r i s t i c  
community- types .  
In  t h e  v e g e t a t i o n  map o f  Hawaii  Vo lcanoes  N a t i o n a l  P a r k  
( Mueller-Lbmbois & Fosberg  1974 ) , two m a j o r  v e g e t a t i o n - t y p e s  were 
d e s c r i b e d  f o r  t h e  a l p i n e  env i ronmen t  and t h r e e  f o r  t h e  s u b a l p i n e  
env i ronmen t .  In  t h e  a l p i n e  e n v i r o n m e n t ,  t h e  f i r s t  t y p e  was a  
"Racomitr ium moss d e s e r t "  and was d e s c r i b e d  a s  " o l d  l a v a  f l o w s  
( r o c k l a n d )  w i t h  s c a t t e r e d  moss c o l o n i e s . "  I n  H a l e a k a l Z ,  a  s i m -  
i l a r  v e g e t a t i o n - t y p e  was found b u t  was d e s c r i b e d  a s  b a r r e n  r o c k  
and c i n d e r  s i n c e  most r o c k l a n d  a r e a s  i n  ~ a l e a k a l z  a l s o  i n c l u d e  
p a t c h e s  o f  c i n d e r s .  I n  f a c t ,  t h e  same moss s p e c i e s ,  ~ a c o m i t r i u m  
l a n u  inosum v a r .  p ru inosum W i l s . ,  was found growing  on t h e  n o r t h  
--3- to  n o r t  e a s t  f a c e s  o f  t h e  o t h e r w i s e  b a r r e n  l a v a ,  b u t  c o v e r i n g  
l e s s  s u b s t r a t e  t h a n  i n d i c a t e d  f o r  Mauna Loa. O t h e r  s i m i l a r l y  
b a r r e n  a r e a s  o f  v a r y i n g  s u b s t r a t e  t y p e s  a l s o  o c c u r  i n  ~ a l e a k a l s  
a s  c a n  b e  s e e n  by t h e  map symbols  and d e s c r i p t i o n s  i n  Tab1.e 2 .  
The second v e g e t a t i o n - t y p e  was a  "Vacc in ium-S typhe l i a  l o w s c r u b  
d e s e r t w  and was d e s c r i b e d  a s  " o l d  l a v a  f l o w s  w i t h  s c a t t e r e d  l o w  
growing  n a t i v e  s h r u b s . "  The a s s o c i a t e d  map symbol was g i v e n  a s  
r ( n s ) .  On t h e  H a l e a k a l S  v e g e t a t i o n  map t h e  same map symbol was 
used  a l s o  to  d e s c r i b e  t h i s  same v e g e t a t i o n  s t r u c t u r e  o n  s l i s h t l y  
v a r y i n g  s u b s t r a t e s  ( T a b l e  2 ) .  F u r t h e r m o r e  , i t  may b e  n o t e d  
t h a t  t h e  f l o r i s t i c a l l y  d e r i v e d  community-types from t h e  phyto-  
s o c i o l o g i c a l  a n a l y s e s  i n c l u d e  a  p i k i a w e - ' s h e l o  a s s o c i a t i o n  f o r  
t h e  v e g e t a t i o n  ( T a b l e  5 ) .  
The f i r s t  v e g e t a t i o n - t y p e  d e s c r i b e d  f o r  t h e  s u b a l p i n e  env i- 
ronment  o f  Hawaii Vo lcanoes  N a t i o n a l  P a r k  was "open t o  c l o s e d  
g l o b o s e  s c r u b "  u s u a l l y  "composed o f  s e v e r a l  s p e c i e s  ( ' E h e l o ,  
p-iikiawe, a a l  i )  a g g r e g a t e d  i n t o  c lumps ."  The a s s o c i a t e d  map 
symbol was g i v e n  a s  n s .  T h i s  v e g e t a t i o n - t y p e  is q u i t e  common 
i n  ~ a l e a k a l z  iind a s s i g n e d  t h e  same symbol o n  t h e  map a l o n g  w i t h  
s e v e r a l  o t h e r s  t h a t  i n d i c a t e d  f l o r i s t i c ,  s t r u c t u r a l  , u n d e r s t o r y ,  
and s u b s t r a t e  v a r i a t i o n s  ( T a b l e  2 ) .  The s e v e r a l  s p e c i e s  t h a t  
o c c u r  i n  t h i s  v e g e t a t i o n - t y p e  i n  Ha leaka lZ  r e s u l t e d  i n  f o u r  f l o -  
r i s t i c  s u b d i v i s i o n s  ( T a b l e  5 ) . The t r a n s i t i o n a l  r e l e v e s  d j s -  
c u s s e d  above  i n d i c a t e  t h e  wide d i s t r i b u t i o n  o f  t h e s e  s p e c i e s  
w i t h i n  t h i s  v e g e t a t i o n - t y p e  and t h e r e f o r e  i t s  mixed £ l o r  i s t i c  
c h a r a c t e r  a s  i m p l i e d  f o r  Mauna k a .  
The second  t y p e  was d e s c r i b e d  a s  " g l o b o s e  s c r u b  w i t h  s c a t -  
t e r e d  M e t r o s i d e r o s  trees." The a s s o c i a t e d  map symbol was g i v e n  
a s  n s ( M ) .  A s i m i l a r  mapped v e g e t a t i o n  u n i t  i n  H a l e a k a l Z  was 
oM(ns )  , d e s c r i b e d  a s  a n  open  ' 5 h i ' a  f o r e s t  w i t h  a n  u n d e r s t o r y  
composed o f  n a t i v e  s h r u b s  ( T a b l e  2 ) .  The v a r i a t i o n  o f  t h e  s t r u c -  
t u r e  o f  t h e s e  t w o  s i m i l a r  v e g e t a t i o n - t y p e s  may r e f l e c t  s u b s t r a t e  
d i f f e r e n c e s  be tween  t h e  two moun ta ins .  
The l a s t  v e g e t a t i o n - t y p e  d e s c r i b e d  f o r  t h e  s u b a l p i n e  e n v i -  
ronment  o f  Hawaii  Vo lcanoes  N a t i o n a l  P a r k  was an  "open Metro- 
s i d e r o s  s c r u b - f o r e s t  w i t h  s c a t t e r e d  Sophora  t r e e s . "  The map 
symbol g i v e n  f o r  t h i s  t y p e  was oM(So-ns) .  A s i m i l a r  community 
found o n  Ha leaka lZ  was d e s c r i b e d  a s  a n  open  'Ch i  ' a  and mgmane 
f o r e s t  w i t h  a n  u n d e r s t o r y  o f  n a t i v e  s h r u b s .  The map symbol was 
OM-So(ns) ( T a b l e  2 ) ,  v e r y  s i m i l a r  to t h e  symbol f o r  t h e  community 
o n  Mauna m a .  Again ,  s u b s t r a t e  d i f f e r e n c e s  be tween  t h e s e  moun- 
t a i n s  o f  d i f f e r e n t  a g e s  may a c c o u n t  f o r  t h e  somewhat g r e a t e r  
abundance  o f  Sophora  i n  t h e  community o n  Ha leaka lB .  
T h i s  compar i son  shows t h a t  t h e  v e a e t a t i o n  map o f  t h e  C r a t e r  
Dis t r ic t  o f  H a l e a k a l a  N a t i o n a l  P a r k  h a s  s i m i l a r  v e g e t a t i o n  u n i t s  
and  v e g e t a t i o n - t y p e s  a s  t h o s e  mapped by  Mueller-Dombois and 
Fosberg  ( 1974)  f o r  t h e  t r o p i c a l  a l p i n e  and s u b a l p i n e  ecosys t em 
o n  t h e  s l o p e s  o f  Mauna I o a  i n  Hawaii  Vo lcanoes  N a t i o n a l  P a r k .  
T h u s ,  t h e  second  h y p o t h e s i s  t h a t  was p roposed  f o r  t h i s  s t u d y  i s  
s u p p o r t e d  by t h e  r e s u l t s .  
ENVIRONMENTAL RELATIONSHIPS 
V e g e t a t i o n  communi t i e s  i n  t h e  C r a t e r  D i s t r i c t  a r e  r e l a t e d  to 
s e v e r a l  e n v i r o n m e n t a l  f a c t o r s  t h a t  v a r y  c o n s i d e r a b l y  w i t h i n  t h e  
s t u d y  a r e a .  These  f a c t o r s  c a n  b e  d i s c u s s e d  by g r o u p i n g  them i n t o  
f o u r  components :  c l i m a t e ,  s u b s t r a t e ,  m e c h a n i c a l  i n f l u e n c e s ,  and 
e x o t i c  p l a n t  s p e c i e s .  
C l  ima te  
Two c l i m a t i c  f a c t o r s  t h a t  a r e  i m p o r t a n t  i n  d e t e r m i n i n a  t h e  
d i s t r i b u t i o n  o f  v e g e t a t i o n  communi t i e s  a r e  t e m p e r a t u r e  and p re -  
c i p i t a t i o n .  Tempera tu re  d a t a  f o r  t w o  s t a t i o n s  and p r e c i p i t a t i o n  
d a t a  f o r  f o u r  s t a t i o n s  were o b t a i n e d  from M r .  B .  Me i sne r  o f  t h e  
U n i v e r s i t y  o f  Hawaii  Me teo ro logy  Depar tment  who i s  c o l l e c t i n g  
d a t a  t o  u p d a t e  c l i m a t i c  maps f o r  t h e  S t a t e .  P r e c i p i t a t i o n  d a t a  
f o r  a  f i f t h  s t a t i o n  was o b t a i n e d  from t h e  r e c o r d s  o f  H a l e a k a l a  
N a t i o n a l  Pa rk .  These d a t a  were summarized i n t o  mean mon th ly  
v a l u e s .  Mean mon th ly  t e m p e r a t u r e  was c a l c u l a t e d  f o r  t h r e e  s t a -  
t i o n s  u s i n g  t h e  a d i a b a t i c  l a p s e  r a t e  ( s t a n d a r d  d e c r e a s e  i n  tem- 
p e r a t u r e  p e r  u n i t  i n c r e a s e  i n  e l e v a t i o n )  between t h e  t w o  s t a t i o n s  
f o r  which d a t a  was a v a i l a b l e .  C l i m a t e  d i a g r a m s  were c o n s t r u c t e d  
by t h e  method o f  W a l t e r  ( 1963)  f o r  e a c h  o f  t h e s e  f i v e  s t a t i o n s .  
These p o r t r a y  t h e  c l i m a t e s  o f  s i t e s  w i t h  t h e i r  c h a r a c t e r i s t i c  
w i  t h i n - y e a r  v a r i a t i o n s .  F i g u r e  10 shows t h e  c l i m a t e  d i a g r a m s  
p l o t t e d  o n  a  map o f  t h e  s t u d y  a r e a .  
The mean a n n u a l  t e m p e r a t u r e  d e c r e a s e s  w i t h  i n c r e a s i n g  e l e v a -  
t i o n  and v a r i e s  from 8.0°C ( 4 6 ° F )  a t  H a l e a k a l B  Summit a t  2055 m 
( 1 0 , 0 2 5  f t )  to 17.6OC ( 6 4 ° F )  i n  ~ a u *  Ranch j u s t  o u t s i d e  t h e  
Pa rk  boundary  a t  1088 m (3750  f t ) .  P l a n t s  r e s p o n d  to d i f f e r e n t  
t e m p e r a t u r e  r e g i m e s  s i n c e  t h e  r a t e s  o f  t h e i r  p h y s i o l o g i c a l  p ro -  
c e s s e s  a r e  r e l a t e d  to t e m p e r a t u r e ,  and d i f f e r e n t  s p e c i e s  have  
e v o l v e d  which s u r v i v e  i n  d i f f e r e n t  t e m p e r a t u r e  r e a i m e s .  An il- 
l u s t r a t i o n  o f  t h e  v e g e t a t i o n ' s  r e l a t i o n s h i p  t o  t e m p e r a t u r e  o c c u r s  
a t  t h e  d i u r n a l  ( d a i l y )  f r o s t  boundary  ( t h e  e l e v a t i o n  a t  which 
f r e e z i n g  t e m p e r a t u r e s  o c c u r  a t  g round  l e v e l  e v e r y  n i g h t  o f  t h e  
y e a r ) .  Such c o n d i t i o n s  s i g n i f i c a n t l y  d e c r e a s e  p l a n t  g r o w t h ,  
a c c o u n t i n g  f o r  t h e  s p a r s e  c o v e r ,  l o w  s t a t u r e  v e g e t a t i o n .  A 
t r a n s i t i o n  t o  t h i s  t y p e  o f  v e g e t a t i o n  o c c u r s  o n  t h e  n o r t h w e s t  
o u t e r  s l o p e  a t  a b o u t  2600 m (8500  f t )  a s  c a n  b e  s e e n  i n  p r o f i l e  7 
( F i g .  4 ) .  T h i s  is n e a r l y  t h e  same e l e v a t i o n  a t  which Muel le r -  
Dombois and K r a j i n a  ( 1968)  d e t e r m i n e d  t h e  s u m m e r  d i u r n a l  f r o s t  
boundary  f o r  Mauna Loa o n  Hawai' i I s l a n d  by r e c o r d i n g  n i g h t l y  
low t e m p e r a t u r e s  d u r i n g  t h e  warmest  month o f  t h e  y e a r  ( A u a u s t )  . 
T h i s  d i u r n a l  f r o s t  bounda ry ,  i n d i c a t e d  by t h e  v e g e t a t i o n ,  p ro -  
v  i d e s  a  s i g n i f i c a n t  a 1  t i t u d  i n a l  z o n a t i o n  o n  t r o p i c a l  h i g h  moun- 
t a i n s .  The a l p i n e  zone c a n  b e  d e f i n e d  a s  t h e  a r e a  o c c u r r i n q  
below t h e  d i u r n a l  f r o s t  boundary  and above  t h e  montane f o r e s t s  
o r  g r a s s 1  ands  . 
Mean a n n u a l  p r e c i p i t a t i o n  v a r i e s  from 1080 mm ( 4 2  i n c h e s )  a t  
H a l e a k a l S  Summit t o  4510 mm ( 1 7 7  i n c h e s )  a t  PalikCi Cabin .  T h i s  
p r e c i p i t a t i o n  g r a d i e n t  i s  p r i m a r i l y  a  f u n c t i o n  o f  e x p o s u r e  to t h e  
e f f e c t s  o f  t h e  n o r t h e a s t  t r a d e w i n d s  and t h e  h e i g h t  above  t h e  
i n v e r s i o n  l a y e r .  C louds  a r e  pushed from t h e  n o r t h e a s t  i n t o  t h e  
C r a t e r  o v e r  t h e  r i d g e s  and up t h r o u g h  t h e  g a p s .  Thus ,  p r e c i p -  
i t a t i o n  d e c r e a s e s  from n o r t h e a s t  to  s o u t h w e s t ,  a s  i n d i c a t e d  by 
t h e  c l i m a t e  d i a g r a m s  and t h e  'mean a n n u a l  f i g u r e s  o n  F i g u r e  10. 
S t r u c t u r a l l y ,  t h e  v e g e t a t i o n  r e s p o n d s  to  j n c r e a s i n g  p r e c i p i t a t i o n  
w i t h  i n c r e a s i n g  c o v e r  and s t a t u r e ,  w i t h  f o r e s t  community- types  
o c c u r r i n g  i n  t h e  wetter ,  e a s t e r n  p a r t  o f  t h e  s t u d y  a r e a  ( F i g .  5  Ec 
6  ) .  The f l o r i s t i c  c o m p o s i t i o n  o f  t h e  v e g e t a t i o n  communi t ies  may 
change  a s  a  f u n c t i o n  o f  t h e  s p e c i e s  a d a p t a t i o n  t o  a  c e r t a i n  r a n g e  
o f  moisture a v a i l a b i l i t y  and /o r  c o m p e t i t i o n .  The more dominan t  
o r  a g g r e s s i v e  s p e c i e s  i n d i c a t e  t h e i r  o p t i m a l  e n v i r o n m e n t a l  r e l a -  
t i o n s h i p s  by  t h e i r  d i s t r i b u t i o n ,  w h i l e  o t h e r s  may b e  pushed o u t  
o f  t h e i r  e n v i r o n m e n t a l  optimum i n t o  more m a r g i n a l  h a b i t a t s  which 
t h e y  c a n  t o l e r a t e  (Mueller-Dombois & Sims 1966) .  T h i s  r e l a t i o n -  
s h i p  c a n  b e  o b s e r v e d  i n  t h e  C r a t e r  where ' 5 h i 1 a  f o r e s t s  o c c u r  i n  
t h e  w e t  n o r t h e a s t  c o r n e r  w h i l e  ' a ' a l i ' i  f o r e s t s  o c c u r  i n  t h e  more 
mesic s o u t h e a s t  c o r n e r  ( F i g .  5  & 6 ) .  
P r e c i p i t a t i o n  and t e m p e r a t u r e  a r e  r e l a t e d  a t  any  o n e  s i t e  to  
d e f i n e  t h e  c l i m a t i c  r e g i m e  o f  t h a t  s i t e .  T h i s  r e l a t i o n s h i p  and 
t h e  mean mon th ly  v a r i a t i o n  o f  t h e s e  f a c t o r s  c a n  b e  o b s e r v e d  o n  
t h e  c l i m a t e  d i a g r a m s  o f  F i g u r e  10. Each o f  t h e  f i v e  d i a g r a m s  
shows a  s i m i l a r  s e a s o n a l  p a t t e r n  o f  p r e c i p i t a t i o n  w i t h  t h e  w e t -  
t e s t  months  b e i n g  December and J a n u a r y  and t h e  d r i e s t  month J u n e .  

The mean mon th ly  t e m p e r a t u r e  c u r v e  shows v e r y  l i t t l e  s e a s o n a l  
v a r i a t i o n  i n d i c a t i n g  t y p i c a l l y  t r o p i c a l  i n s u l a r  c l i m a t e s  a t  a l l  
e l e v a t i o n s .  The p r e c i p i t a t i o n  and t e m p e r a t u r e  c u r v e s  a r e  r e l a t e d  
i n  t h a t  d r o u g h t  c o n d i t i o n s  a r e  i n d i c a t e d  when t h e  mean mon th ly  
p r e c i p i t a t i o n  c u r v e  c r o s s e s  be low t h e  mean mon th ly  t e m p e r a t u r e  + 
c u r v e .  T h i s  o c c u r s  a t  t h r e e  s t a t i o n s :  Haleaka12  Summit, Hale- 
a k a l Z  Ranger S t a t i o n ,  and  H5lua Cab in ,  b u t  o n l y  f o r  a  s h o r t  
p e r i o d  i n  J u n e .  T h e r e f o r e ,  t h e  xe romorph ic  c h a r a c t e r  of  many o f  
t h e  s p e c i e s  may b e  o n l y  p a r t i a l l y  c o r r e l a t e d  w i t h  t h e  s e a s o n a l  , 
d r y n e s s  o f  t h e  c l i m a t e ,  and p r o b a b l y  i s  more c l o s e l y  r e l a t e d  
t o  t h e  i n t e n s e  r a d i a t i o n  and t h e  l a r g e  d i u r n a l  f l u c t u a t i o n s  
i n  t e m p e r a t u r e s  c h a r a c t e r i s t i c  o f  t h e  t r o p i c a l  h i g h  moun ta in  
c l i m a t e .  
Another  c l i m a t i c  f a c t o r  t h a t  may b e  s i g n i f i c a n t  i n  d e t e r -  
min ing  t h e  s t r u c t u r e  and d i s t r i b u t i o n  o f  v e g e t a t i o n  is fog  d r i p .  
The p r e v a l e n t  n o r t h e a s t  t r a d e w i n d s  push  c l o u d s  o v e r  t h e  n o r t h  and 
e a s t  rims o f  t h e  C r a t e r  and up t h r o u g h  b o t h  Ko 'o lau  Gap and Kau* 
Gap, f r e q u e n t l y  c r e a t i n g  f o g g y ,  damp c o n d i t i o n s  i n  t h e s e  a r e a s  
e s p e c i a l l y  d u r i n g  t h e  e a r l y  morning and e v e n i n g  h o u r s .  J u v i k  and 
P e r r e i r a  ( 1973)  have  d e m o n s t r a t e d  t h e  i m p o r t a n c e  o f  f o g  d r i p  
o n  Mauna a .  T h e r e  t h e y  found t h a t  f o g  d r i p  added 65% p r e c i p -  
i t a t i o n  to  t h e  r a i n f a l l  i n  t h e  t r e e l i n e  ecosys t em a t  2500 m 
( 8 2 0 0  f t )  a s  measured from s t a n d a r d i z e d  c y l i n d r i c a l  f o g  i n t e r -  
c e p t o r s  made from l o u v e r e d  aluminum s h a d e  s c r e e n  and having  a  
s u r f a c e  a r e a  o f  2691 c m  . A s i m i l a r  r e l a t i o n s h i p  c a n  b e  e x p e c t e d  
f o r  t h o s e  a r e a s  o n  H a l e a k a l z  which a r e  exposed  t o  f o g  d r i p  con- 
d i t i o n s ,  f o r  example ,  t h e  ~ a l i k G  Cabin  and K o ' o l a u  Gap a r e a s .  
T h e r e f o r e ,  a s  t h e  s t a t u r e  o f  t h e  v e g e t a t i o n  i n c r e a s e s  i n  t h e s e  
a r e a s ,  i t  w i l l  l i k e l y  i n c r e a s e  t h e  i n t e r c e p t i o n  o f  moisture which 
s h o u l d  i n c r e a s e  g r o w t h .  Browsing a n i m a l s  which 1 j m i  t t h e  g rowth  
o f  t h e  p l a n t s  s h o u l d  t h e r e f o r e  b e  c a r e f u l l y  c o n t r o l l e d  b e c a u s e  
t h e y  may i n d i r e c t l y  r e d u c e  s o i l  m o i s t u r e  on  a  permanent  b a s i s .  
S u b s t r a t e  
The s u b s t r a t e s  o f  t h e  C r a t e r  D i s t r i c t  c o n s i s t  o f  v o l c a n i c  
s u b s t a n c e s  o f  g e o l o g i c a l l y  r e c e n t  or  i g  i n .  Many a r e a s ,  i n  f a c t ,  
have  s u b s t r a t e s  t h a t  c a n  b e  d e s c r i b e d  a s  pahoehoe l a v a ,  ' a ' g  
l a v a ,  c i n d e r ,  a s h ,  o r  a  c o m b i n a t i o n  o f  t h e s e .  Whatever  s o i l  
occurs is p o o r l y  d e v e l o p e d  ( s o i l  h e r e  d e f i n e d  a s  t h e  f i n e l y  f r a c -  
t u r e d  p r o d u c t  o f  long- te rm w e a t h e r i n q  p r o c e s s e s  o n  t h e  g e o l o g i c  
p a r e n t  m a t e r i a l )  . Thus ,  t h e  raw g e o l o g i c a l  env i ronmen t  d e t e r -  
mines  t h e  v a r i a t i o n  o f  t h e  s u b s t r a t e .  
S o i l  a n a l y s i s  r e s u l t s  a r e  summarized i n  T a b l e  6 .  Data 
r e p r e s e n t  means and s t a n d a r d  e r r o r s  o f  means o f  t h r e e  r e p l i c a t e s  
f o r  e a c h  sample  i n  e a c h  t e s t .  S o i l  p r o f i l e s  had v e r y  l i t t l e ,  i f  
a n y ,  h o r i z o n  deve lopmen t  i n  t h e  C r a t e r .  The d e t a i l e d  d e s c r i p -  
t i o n s  a r e  g i v e n  i n  Appendix 11. The s u b s t r a t e s  which d e v e l o p e d  
enough t o  b e  c o n s i d e r e d  s o i l s  a l l  seem to  b e  d e r i v e d  from c i n d e r  
and/or  a s h  p a r e n t  m a t e r i a l .  ,Some g e n e r a l  j z a t i o n s ,  t h e r e f o r e ,  c a n  












































a l l  b u t  t h e  d r y e s t  a r e a s ,  a  s h a l l o w  A ,  h o r i z o n  o f  o r g a n i c  mate- 
r i a l  is p r e s e n t  t h a t  is  v e r y  d e n s e l y  r a m i f i e d  by roots  and h a s  a  
d a r k  brown to  b l a c k  color .  T h e  A and E h o r i z o n s  were u s u a l l y  
d i s t i n g u i s h e d  by  an  i n d i s t i n c t  c o l o r  d i f f e r e n c e  w i t h  no d e f i n i t e  
boundary  be tween  t h e m ,  t h e  B h o r i z o n  hav ing  a  s l i g h t l y  l i g h t e r  
c o l o r .  The c o l o r  o f  t h e s e  h o r i z o n s  r a n g e d  from d a r k  brown to 
brown. T e x t u r e  and s t r u c t u r e  were u s u a l l y  t h e  same f o r  b o t h  
h o r i z o n s  s i n c e  t h e  c i n d e r  and/or  a s h  p a r e n t  m a t e r i a l s  r e s u l t e d  
u s u a l l y  i n  a  loam. Sometimes t h e  s o i l  had a s a n d y  loam t e x t u r e  
and a  crumb s t r u c t u r e  b u t  o c c a s i o n a l l y  i t  was a  s t r u c t u r e l e s s  
c i n d e r  and a s h .  The d e p t h s  o f  t h e s e  h o r i z o n s  v a r i e d  from s i t e  
t o  s i t e .  The s o i l s  u s u a l l y  c o n t a i n e d  many r o c k s .  Rock o u t c r o p  
was o f t e n  t h e  dominan t  s u b s t r a t e  f e a t u r e ,  w h i l e  t h e  s o i l  was 
r e s t r i c t e d  to p o c k e t s  o n l y .  It was p o s s i b l e  to d i s t i n o u i s h  a 
C h o r i z o n  i n  a  few p r o f i l e s  b u t  m o s t  B h o r i z o n s  were u n d e r l a i n  
d i r e c t l y  by  r o c k  h a r d p a n .  
The 10 s o i l  s a m p l e s  t e s t e d  a r e  c h a r a c t e r i z e d  by  a  h i g h  
o r g a n i c  c a r b o n  c o n t e n t  and a  m o d e r a t e l y  low pH ( T a b l e  6 ) ,  t h a t  
i s ,  r e l a t i v e l y  a c i d i c .  I n  f a c t ,  t h e s e  t w o  s o i l  c h a r a c t e r s  show 
an  i n v e r s e  c o r r e l a t i o n ;  t h e  h i g h e r  t h e  o r g a n i c  c a r b o n  c o n t e n t ,  
t h e  l ower  t h e  pH ( F i g .  1 1 ) .  O r g a n i c  c a r b o n  c o n t e n t  f o r  t h e s e  10 
s a m p l e s  r a n g e s  from 1.59% t o  25.239 and h a s  a  mean o f  15.68%. 
The pH r a n g e s  from 4 .0  t o  6 .8  and h a s  a mean o f  5.2 ( A l t h o u g h  pH 
i s  a  l o g a r i t h m i c  s c a l e ,  Daubenmire [ 19741 g i v e s  s e v e r a l  r e a s o n s  
f o r  t r e a t i n g  pH a r i t h m e t i c a l l y  when app l  jed to s o i l s .  ) . These  
f i g u r e s  a r e  i n  ag reemen t  w i t h  t h o s e  from o t h e r  t r o p i c a l  h i g h  
mounta in  r e g i o n s .  Coe ( 1967)  t e s t e d  s o i l s  from s e v e n  l o c a l i t i e s  
c o v e r i n g  a  wide a l t i t u d i n a l  r a n g e  o n  M t .  Kenya and found t h e  pH 
t o  r a n g e  between 5 .0  and 6 .5  w i t h  a  mean o f  5.4. O r s a n i c  c a r b o n  
c o n t e n t  i n  t h e  same a r e a  r anged  be tween  7% and 12.59%.  Cua t r e -  
c a s a s  ( I966 ) , working i n  t h e  Paramos r e g  i o n  o f  t h e  e q u a t o r i a l  
Andes,  found  t h e  pH r a n g e d  between 3.7 and 5.4 and o r g a n i c  c a r b o n  
c o n t e n t  a v e r a g e d  10.64%. The savannah  and moun ta in  p a r k l a n d  
communi t i e s  o n  Mauna Loa have  a n  o r g a n i c  c a r b o n  c o n t e n t  be tween  
10% and 15% and t h e  pH r a n g e s  from 5 .5  t o  6 .5  (Mueller-Dombois & 
B r i d g e s  1975 ) . T h i s  c h a r a c t e r i s t i c  o f  t r o p i c a l  h i g h  moun ta in  
s o i l s  is p r o b a b l y  d u e  to  low t e m p e r a t u r e s  and c o n s e a u e n t  l o w  
p h y s i o l o g i c a l  a c t i v i t y  o f  s o i l  o r g a n i s m s  which r e s u l t s  i n  a  slow 
c h e m i c a l  breakdown o f  o r g a n i c  m a t t e r  (Coe 1967) w i t h  t h e  conse -  
q u e n t  b u i l d  up o f  humic a c i d s .  I n  H a l e a k a l a ,  t h e s e  s o i l  c h a r a c -  
t e r i s t i c s  seem t o  b e  r e l a t e d  t o  t h e  r e l a t i v e  w e t n e s s  o f  e a c h  
s i t e .  I n c r e a s i n g  w e t n e s s  is  c o r r e l a t e d  w i t h  i n c r e a s i n g  o r g a n i c  
c a r b o n  and d e c r e a s i n g  pH. For example ,  t h e  s o i l  s amples  from 
r e l e v e s  9  and 1 1  ( F i g .  2 )  which had a  l o w  o r g a n i c  c a r b o n  c o n t e n t  
and a  r e l a t i v e l y  h i g h  pH ( T a b l e  6 )  a r e  l o c a t e d  i n  a  r e l a t i v e l y  
d r y  s e c t i o n  o f  t h e  C r a t e r ,  a s  i n d i c a t e d  by t h e  c l i m a t e  d i a g r a m s  
( F i g .  10 ) . The s o i l  s a m p l e s  from r e l e v g s  27 and 29 ( F i g .  3 )  , 
however ,  which have  a  h i g h  o r g a n i c  c a r b o n  c o n t e n t  and a  r e l a -  
t i v e l y  low pH ( T a b l e  6 )  a r e  l o c a t e d  jn  t h e  n o r t h e a s t  c o r n e r  o f  
t h e  s t u d y  a r e a ,  t h e  wettest  and most v e g e t a t e d  s e c t i o n  o f  t h e  
C r a t e r  D i s t r i c t  ( F i g .  10 ) . The t e n d e n c y  t o w a r d s  w a t e r l o g g e d  
s o i l s  f u r t h e r  i n h i b i t s  b i o l o g i c a l  d e g r a d a t i o n  o f  o r g a n i c  m a t t e r  
d u e  to  d e c r e a s e d  oxygen c o n c e n t r a t i o n s  and i n c r e a s e s  i n  a c i d i t y .  

S e v e r a l  o f  t h e  s o i l  s amples  t e s t e d  show what  may seem t o  be  
r a t h e r  h i g h  v a l u e s  f o r  f i e l d  c a p a c i  t y  and permanent -wi l  t i n g  p e r -  
c e n t a g e .  These h i g h  v a l u e s  a r e  a  r e s u l t  o f  t h e  w a t e r  o f  hydra-  
t i o n  o n  o x i d e s  o f  i r o n  and aluminum composing t h e  amorphous c l a y s  
o f  t h e  D y s t r a n d e p t s  and Hydrandepts  o f  H a w a i ' i .  T h e s e  so i ls  a r e  
formed by r a p i d  w e a t h e r i n g  o f  c i n d e r  and a s h  p a r e n t  m a t e r i a l s  i n  
a r e a s  o f  h i g h  r a i n f a l l .  Comparable v a l u e s  f o r  f i e l d  c a p a c i t y  and 
p e r m a n e n t - w i l t i n g  p e r c e n t a g e  a r e  known f o r  t h e  Hydr i c  D y s t r a n d e p t  
o f  t h e  M a i l e  s i l t  loam s o i l  series o n  t h e  i s l a n d  o f  Hawai' i 
(USDA, S o i l  C o n s e r v a t i o n  S e r v i c e  1976). 
The v a r i a t i o n  i n  s u b s t r a t e  i n  Ha leaka lZ  a s  d e t e r m i n e d  by  t h e  
a g e  and c h a r a c t e r  o f  t h e  v o l c a n i c  p a r e n t  m a t e r i a l  c a n  b e  viewed 
a s  a  v a r i a t i o n  super imposed  o n  t h e  c l i m a t i c  r e g i m e  d e f i n e d  by  t h e  
t e m p e r a t u r e ,  p r e c i p i t a t i o n ,  and amount o f  f o g  d r i p  a t  any  o n e  
s i t e .  F i g u r e  5  shows a b road  segment  o f  r o c k  and c i n d e r  sub-  
s t r a t e  s u p p o r t i n g  a  h i g h  a l t i t u d e  d e s e r t  community-type.  T h i s  
v e g e t a t i o n  i s  no d o u b t  p a r t i a l l y  r e l a t e d  t o  t h e  r e l a t i v e  d r y n e s s  
o f  t h e  a r e a  and t h e  e x t r e m e  d i u r n a l  t e m p e r a t u r e  v a r i a t i o n  a s  was 
p roposed  f o r  t h e  h i g h  a l t i t u d e  d e s e r t  above  t h e  d j  u r n a l  f r o s t  
boundary  o n  t h e  n o r t h w e s t  o u t e r  s l o p e  ( F i g .  4 ) . However, t h i s  
a r e a ,  which is be low t h e  d i u r n a l  f r o s t  bounda ry ,  c a n  b e  con- 
t r a s t e d  w i t h  v e g e t a t e d  a r e a s  o f  s i m i l a r  e l e v a t i o n  and d r y n e s s .  
T h e r e f o r e ,  t h e  r e l a t i v e  r e c e n c y  o f  t h e  s u b s t r a t e  i n  t h e  a r e a  mus t  
b e  an  i m p o r t a n t  i n f l u e n c e  on  t h e  v e g e t a t i o n - t y p e  t h a t  o c c u r s  
t h e r e .  
The v a r i a t i o n  i n  t h e  n a t i v e  s c r u b  community-type c a n  b e  s e e n  
i n  F i g u r e  5 .  ' 6 ' i l i p u 1 u ,  an o l d  c i n d e r  c o n e ,  s u p p o r t s  an  o p e n  
n a t i v e  s c r u b  community w i t h  a  g r a s s  m a t r i x  hav ing  n e a r l y  e a u s l  
c o v e r  a s  t h e  s h r u b s .  To t h e  immedia te  west t h e r e  is a  community 
w i t h  s c a t t e r e d  n a t i v e  s h r u b s  growing  o n  a  r e l a t i v e l y  r e c e n t  ' a l B  
l a v a  f l o w  t h a t  is t h e  dominan t  s u r f a c e  f e a t u r e  o f  t h e  s i t e .  J u s t  
e a s t  o f  ' G ' i l i p u '  u  is  a n  open  s c r u b  community growing  o n  a  
pzhoehoe l a v a  f l o w  t h a t  is  o l d  enouqh t o  b e  b r o k e n  up to some 
e x t e n t .  These t h r e e  communi t i e s  a r e  a d j a c e n t  t o  o n e  a n o t h e r  a t  
n e a r l y  t h e  same e l e v a t i o n ,  and have  n e a r l y  t h e  same mean a n n u a l  
t e m p e r a t u r e .  A l s o ,  s i n c e  t h e y  a r e  a d j a c e n t  to e a c h  o t h e r  a l o n g  
t h e  w e s t - e a s t  r a i n f a l l  g r a d i e n t ,  t h e y  s h o u l d  have  a  s i m i l a r  mean 
a n n u a l  p r e c i p i t a t i o n .  Thus,  i t  is p r o b a b l e  t h a t  t h e  v a r i a t i o n  i n  
t h e  c o v e r  and s t r u c t u r e  o f  t h e s e  t h r e e  communi t i e s  i s  r e l a t e d  to  
t h e  v a r i a t i o n  i n  t h e  s u b s t r a t e .  Such a  r e l a t i o n s h i p  be tween  
communi t y - t y p e  and s u b s t r a t e  h a s  b e e n  o b s e r v e d  f o r  o t h e r  t r o p i c a l  
h i g h  moun ta in  a r e a s .  Coe ( 7 9 6 7 )  d e s c r i b e s  t h r e e  h a b i t a t  t y p e s  
r e l a t e d  to s u b s t r a t e  i n  t h e  " E r i c a c e o u s  zone" o f  M t .  Kenya. On 
M t .  K i l i m a n j a r o ,  S a l t  ( 1 9 5 4 )  d i v i d e s  t h e  h e a t h  f o r m a t i o n  i n t o  s i x  
f l o r i s t i c  communi t i e s  r e l a t e d  t o  s l o p e  and s u b s t r a t e .  The e r i c a -  
ceous  v e g e t a t i o n  o f  Reunion I s l a n d  was s e p a r a t e d  by Cade t  ( 1 9 7 4 )  
i n t o  t h r e e  communi t i e s  t h a t  were r e l a t e d  to e d a p h i c  f a c t o r s .  
Thus ,  t h e  s i t u a t i o n  f o r  H a l e a k a l S  i s  c o n s i s t e n t  w i t h  t h e  o b s e r v a -  
t i o n s  i n  o t h e r  t r o p i c a l  h i g h  moun ta in  a r e a s .  
These o b s e r v a t i o n s  make i t  t e m p t i n g  to t r y  t o  p r e d i c t  o r  
even  map s u b s t r a t e  t y p e s  by t h e  v e g e t a t i o n  t h a t  i t  s u p p o r t s .  
However, c h a n g e s  i n  v e g e t a t i o n  communi t i e s  a r e  n o t  a lways  corre- 
l a t e d  w i t h  o b v i o u s  c h a n g e s  i n  s u b s t r a t e .  P r o f i l e  3 ( F i g .  6 )  
shows s e v e r a l  communi t i e s  growing  on  v e r y  s i m i l a r  s u b s t r a t e s .  
R e l e v e  d e s c r i p t i o n s  o f  s u b s t r a t e s ,  a s  used o n  t h e  p r o f i l e ,  i n d i -  
c a t e  t h r e e  f o r e s t  communi t i e s ,  a  c l o s e d  n a t i v e  s c r u b  and a r a s s  
community ,  and a  g r a s s l a n d  community,  a l l  g rowina  on  brown humic 
s o i l  w i t h  many rocks and l a r g e  r o c k  o u t c r o p s .  Thus ,  i t  c a n  be  
s e e n  t h a t  a l t h o u g h  v e g e t a t i o n  many times i n d i c a t e s  a  c e r t a i n  sub- 
s t r a t e  t y p e ,  o t h e r  f a c t o r s  s u c h  a s  c l i m a t e  and v a r i o u s  m e c h a n i c a l  
f a c t o r s  i n f l u e n c e  t h e  d i s t r i b u t i o n  o f  v e g e t a t i o n  and t h e s e  
r e s u l t  i n  v a r i a t i o n  o f  v e g e t a t i o n - t y p e s  w i t h i n  a  g i v e n  s u b s t r a t e  
t y p e  
Mechanica l  F a c t o r s  
The two most i m p o r t a n t  m e c h a n i c a l  f a c t o r s  i n f l u e n c i n g  t h e  
v e g e t a t i o n  i n  t h e  C r a t e r  Dis t r ic t  a r e  h e r b i v o r y  ( g r a z i n g )  and 
ground d i s t u r b a n c e .  
H e r b i v o r y  i n  t h e  form o f  c a t t l e  g r a z i n g  h a s  b e e n  a  h i s t o r -  
i c a l  i n f l u e n c e  i n  t h e  Pa rk .  C a t t l e  r a n c h e s  s t i l l  b o r d e r  t h e  
P a r k  o n  t h e  n o r t h ,  west, and s o u t h .  A s p e c i a l  r e s e r v a t i o n  i n  t h e  
l a n d  a c q u i s i t i o n  ag reemen t  o f  1916 a l l o w e d  c a t t l e  t o  g r a z e  w i t h i n  
t h e  Pa rk  b u t  o u t s i d e  t h e  C r a t e r ,  and to c r o s s  t h e  C r a t e r  to new 
p a s t u r e s .  A l s o ,  l o n g h o r n  c a t t l e  g r a z e d  t h e  Ceschampsia  g r a s s l a n d  
o n  t h e  n o r t h e a s t  o u t e r  s l o p e .  However, no c a t t l e  g r a z i n g  h a s  
been  p r a c t i c e d  i n  t h e  ~ i s t r i c t  i n  o v e r  30 y e a r s  (Fo rehand  1970; 
H a l e a k a l a  N a t i o n a l  P a r k  7976) .  The e x t e n t  and d u r a t i o n  o f  t h e  
u s e  o f  t h e  D i s t r i c t  by  c a t t l e  r a n c h e r s  is n o t  known, b u t  c a t t l e  
r a n c h e s  have  been  e s t a b l i s h e d  on  Maui s i n c e  t h e  i n t r o d u c t i o n  
o f  c a t t l e  by  C a p t a i n  Vancouver i n  7 7 9 3 .  T h e r e f o r e ,  ? r a z i n g  i n  
t h e  a r e a  c o u l d  c o n c e i v a b l y  have  been  e x t e n s i v e  and o v e r  a  f a i r l y  
l o n g  p e r i o d .  T h i s  p r e s s u r e  would u n d o u b t e d l y  h a v e  t h e  e f f e c t  
o f  r e d u c i n g  koa t r ee  communi t i e s ,  a s  h a s  been  documented on t h e  
i s l a n d  o f  Hawait i (Cuddihy  1978). P r e s e n t l y ,  g r a z i n q  r i g h t s  f o r  
Haleakal;? C r a t e r  a r e  h e l d  by v a n  Tempsky and t h e  H a l e a k a l Z  Ranch 
Company. 
The  m a j o r  h e r b i v o r e  p r e s e n t l y  i n  t h e  P a r k  i s  t h e  f e r a l  a o a t  
(Capra  h i r c u s  L . ) .  Goa t s  o n c e  numbered i n  t h e  t h o u s a n d s  i n  t h e  
Pa rk ,  b u t  now have  been  r e d u c e d  by c o n t r o l  m e a s u r e s  t o  less  t h a n  
1000 ( L a r s o n  1969) .  Yocum ( 1 9 6 7 )  h a s  enumera ted  t h e  g e n e r a l  e f -  
f e c t s  o f  g o a t  g r a z i n g  on t h e  v e g e t a t i o n  o f  t h e  C r a t e r .  Two p l a n t  
s p e c i e s  i n  p a r t i c u l a r  e x h i b i t  t h o s e  e f f e c t s .  Mzmane d i s p l a y s  
u n m i s t a k a b l e  browse l i n e s  and l i m i t e d  r e p r o d u c t i o n  i n  browsed 
a r e a s  b u t  new g r o w t h  i s  a p p a r e n t  w h e r e  g o a t s  no l o n g e r  f e e d .  
S i l v e r s w o r d  o n c e  c o v e r e d  s i z e a b l e  a r e a s  o f  t h e  c r a t e r  f l o o r  and 
o u t e r  s l o p e  b u t  now i s  found o n l y  i n  t h e  a r i d  c r a t e r  c e n t e r  and 
i n  r o c k y  r e f u g e s  o u t  o f  t h e  r e a c h  o f  g o a t s  ( L a r s o n  1 9 6 9 ) .  T h i s  
r e s t r i c t i o n  i n  d i s t r i b u t i o n  is  a t t r i b u t e d  n o t  o n l y  t o  d i r e c t  
g r a z i n g  by  g o a t s  b u t  a l s o  to  t h e i r  t r a m p l i n g  o f  t h e  r o o t s  and 
g e n e r a l  d i s t u r b a n c e  o f  t h e  s u b s t r a t u m  (Kobayashi  1 9 7 3 ) .  
A r e d u c t i o n  i n  t h e  g o a t  p o p u l a t i o n  i n  t h e  m o u n t a i n  p a r k l a n d  
o f  Hawai i  V o l c a n o e s  N a t i o n a l  P a r k  r e s u l t e d  i n  e x p a n s i o n  o f  k o a  
c o l o n i e s  a t  a  r a t e  o f  0 .5  t o  2 .5  m p e r  y e a r  i n t o  t h e  s u r r o u n d i n g  
g r a s s  m a t r i x  (Muel le r -Dombois  1 9 6 7 ) .  A l t h o u g h  t h e  g o a t s  d i d  n o t  
c o m p l e t e l y  e l i m i n a t e  s u c k e r  r e p r o d u c t i o n  of k o a ,  t h e i r  b r o w s i n g  
e f f e c t s  seemed to p r o d u c e  a n  a b n o r m a l l y  d e n s e  s t o c k i n a  o f  s u c k e r s  
i n  a  h a p h a z a r d  p a t t e r n  ( S p a t z  & Muel ler -Dombois  1 9 7 3 ) .  The 7975 
C r a t e r  D i s t r i c t  R e s o u r c e s  B a s i c  I n v e n t o r y  e x p e d i  t i o n  ( B e r g e r  e t  
a l .  1 9 7 6 )  o b s e r v e d  t h a t  a  s t a n d  o f  m a t u r e  koa  t r ee s  l o c a t e d  i n  
e a s t  Kaup5 Gap a t  1525 m ( 5 0 0 0  f t )  e l e v a t i o n  p r o d u c e d  no  s e e d -  
l i n g s ,  a l t h o u g h  c o p i o u s  a m o u n t s  o f  s e e d s  a r e  p r o d u c e d .  F l s o ,  n o  
r o o t  s u c k e r  r e p r o d u c t i o n  was o b s e r v e d .  I t  was t h e i r  o p i n i o n  t h a t  
t h i s  c o m p l e t e  l a c k  o f  r e g e n e r a t i o n ,  i n  a n  a r e a  t h a t  had p r o b a b l y  
a t  o n e  t i m e  s u p p o r t e d  s koa f o r e s t ,  i s  t h e  r e s u l t  o f  i n t e n s i v e  
g o a t  b r o w s i n g .  
Horses c o n t i n u e  t o  g r a z e  i n  t h e  P a r k  d u r i n g  t h e  a c t i v i t i e s  
o f  P a r k  o p e r a t i o n s ,  o u t s i d e  h o r s e  c o n c e s s i o n s ,  a n d  v i s i t o r s  
t a k i n g  C r a t e r  t r i p s  o n  h o r s e b a c k .  The d i r e c t  e f f e c t  o f  t h i s  
g r a z i n g  is c o n s i d e r e d  m i n i m a l  ( H a l e a k a l a  N a t i o n a l  P a r k  7 9 7 6 ) .  
However ,  h o r s e  t r a f f i c  may h e  r e s p o n s i b l e  f o r  t h e  c o n t i n u e d  
i n t r o d u c t i o n  o f  e x o t i c  p l a n t  s p e c i e s ,  s i n c e  many o f  t h e s e  s p e c i e s  
a r e  f o u n d  n e a r  p a s t u r e s ,  s t a b l e s ,  t r a i l s ,  a n d  c a b i n s .  P r o p a g u l e s  
a r e  p r o b a b l y  c a r r i e d  o n  t h e  h o o v e s  a n d  l e g s  o f  t h e  a n i m a l s ,  i n  
t h e  h o r s e  d r o p p i n g s ,  a n d  i n  t h e  h a y  a n d  f o d d e r .  
Ground d i s t u r b a n c e s  f rom f e r a l  p i g s  ( S u s  - s c r o f a  L . )  a r e  
common m e c h a n i c a l  i n f l u e n c e s  i n  t h e  wetter p o r t i o n s  o f  t h e  a r e a .  
P i g s  d i g  up t h e  g r o u n d  i n  s e a r c h  f o r  f o o d  and  t h e  p l a n t  c o v e r  is 
g e n e r a l l y  k i l l e d  by  s u c h  t r e a t m e n t .  E x o t i c  s p e c i e s ,  p a r t i c u l a r l - y  
v e l v e t g r a s s ,  g o s m o r e ,  a n d  s h e e p  s o r r e l ,  i n v a d e  t h e  e x p o s e d  a r e a s  
a n d  o u t - c o m p e t e  t h e  g e r m i n a t i n g  e n d e m i c  and i n d i g e n o u s  s p e c i e s .  
T h e s e  c h a n g e s  p l u s  o t h e r  c h a n a e s  i n  t h e  s o i l  w h i c h  f u r t h e r  sup-  
p r e s s  t h e  r e e s t a b l i s h m e n t  o f  n a t i v e  s p e c i e s  h a v e  b e e n  o b s e r v e d  
f o r  t h e  D e s c h a m p s i a  g r a s s l a n d  o n  t h e  n o r t h e a s t  o u t e r  s l o p e  b y  
F o r e h a n d  ( 1970 ) . S p a t z  a n d  Muel ler -Dombois  ( 1972 ) a l s o  f o u n d  
t h a t  v e l v e t g r a s s  r e p l a c e d  D e s c h a r p s i a  a u s t r a l  i s  i n  p i g  d i s t u r b e d  
a r e a s  i n  t h e  m o u n t a i n  p a r k l a n d  o f  Hawai i  V o l c a n o e s  N a t i o n a l  P a r k .  
T h i s  r e p l a c e m e n t  h a s  b e e n  n e a r l y  c o m p l e t e  i n  some a r e a s  o f  t h e  
C r a t e r  w i t h  v e l v e t g r a s s  h a v i n ~  n e a r l y  100% c o v e r  and  D e s c h a m p s i a  
o n l y  s u r v i v i n g  i n  t h e  form o f  r a r e ,  i s o l a t e d  t u s s o c k s  (cH1 g r a s s -  
l a n d ) .  A l s o ,  i n  some a r e a s ,  t h e  i n t r o d u c e d  g r a s s  Poa p r a t e n s i s  
L. ( K e n t u c k y  b l u e g r a s s )  is a s s o c i a t e d  w i t h  p i g  d i s t u r b e d  s i t e s  
( F i g .  2 ,  r e l e v 6 s  1 1 - &  2 8 ) .  
E x o t i c  P l a n t  S p e c i e s  
Many s p e c i e s  o f  e x o t i c  p l a n t s  h a v e  become e s t a b l i s h e d  j n  t h e  
C r a t e r  D i s t r i c t .  A l i s t  o f  m o s t  o f  t h e s e  s p e c i e s  was g i v e n  b y  
L a r s o n  ( 1 9 6 9 ) .  The s p e c i e s  l i s t  o f  t h e  C r a t e r  D i s t r i c t  p r o d u c e d  
by t h e  CPSU/UH i n c l u d e s  e x o t i c  s p e c i e s  and  d e s i g n a t e s  them a s  
s u c h  (Stemmermann e t  a 1  . 1979 ) . T h e s e  i n t r o d u c t i o n s  a r e  u s u a l l y  
a s s o c i a t e d  w i t h  t h e  a c t i v i t i e s  o f  man and  h i s  d o m e s t i c  a n i m a l s .  
They a r e  d i s t r i b u t e d  more d e n s e l y  n e a r  b u i l d i n g s ,  t r a i l s ,  and 
r o a d s .  I n  f a c t ,  t h e  immedia te  s u r r o u n d i n g s  o f  h o u s e s ,  o f f i c e s ,  
and c a b i n s  a r e  i s l a n d s  o f  e x o t i c  p l a n t s  which may s e r v e  a s  cen-  
ters of d i s t r i b u t i o n  f o r  t h e s e  s p e c i e s .  C o n i f e r s  and e x o t i c  
g r a s s e s  a r e  e s p e c i a l l y  e v i d e n t  a round  t h e  P a r k  H e a d q u a r t e r s ,  
employee h o u s i n g ,  and Hosmer Grove on  t h e  n o r t h w e s t  o u t e r  s l o p e .  
These a r e a s  t o g e t h e r  w i t h  t h e  l a r g e  p l a n t e d  c o n i f e r  f o r e s t  n o r t h  
o f  Hosmer Grove a r e  l a r g e  enough to  b e  mappable  u n i t s  o f  j n t r o -  
duced t r e e s .  
S e v e r a l  o f  t h e s e  s p e c i e s  a r e  o f  p a r t i c u l a r  c o n c e r n  t o  t h e  
e c o l o g y  o f  t h e  C r a t e r .  V e l v e t g r a s s  is d i s p l a c i n g  t h e  n a t i v e  
g r a s s  Deschampsia a u s t r a l i s  i n  many g r a s s l a n d  a r e a s .  A s  d i s -  
c u s s e d  above ,  t h i s  s p e c i e s  is u s u a l l y  a s s o c i a t e d  w i t h  f e r a l  p i g  
a c t i v i t y  b u t ,  o n c e  e s t a b l i s h e d ,  i t  m a i n t a i n s  i t s e l f  e v e n  i n  t h e  
a b s e n c e  o f  p i g  d i  s t u r b a n c e .  Kentucky b l u e q r a s s  h a s  t h e  same 
t e n d e n c y  t o  d i s p l a c e  Deschampsia .  T h i s  a b i l i t y  i s  mos t  e v i d e n t  
i n  t h e  q r a s s l a n d s  a l o n q  I , a u l u l u  T r a i l  and i n  t h e  l a m e  s r a s s l a n d  
a t  t h e  b a s e  o f  ~ a l e m a u ' ;  T r a i l .  Pennise tum c l a n d e s t i n u m -  Hochs t .  
e x  Chiov.  ( k i k u y u g r a s s )  is  an i n t r o d u c e d  g r a s s  t h a t  p r o v i d e s  good 
g r a z i n g  f o r  c a t t l e .  T h i s  s p e c i e s  o c c u r s  i n s i d e  t h e  P a r k  n e a r  i t s  
s o u t h e r n  boundary  i n  Kaup-o Gap. I t  h a s  s p r e a d  from t h e  a d j a c e n t  
p a s t u r e s  o f  Kau* Ranch. T h i s  g r a s s  i s  s t o l o n i f e r o u s  and fo rms  
t h i c k ,  d e n s e  m a t s  which p r e v e n t  s e e d l i n g  e s t a b l i s h m e n t  o f  o t h e r  
s p e c i e s .  I t  h a s  s p r e a d  i n t o  t h e  ' a ' a l i '  i  f o r e s t  a r e a s  w h e r e  
o b s e r v a t i o n s  s u g g e s t  t h a t  s e e d l i n g s  o f  n a t i v e  s p e c i e s  c a n n o t  
e s t a b l i s h  t h e m s e l v e s .  T h i s  a r e a  may become a  g r a s s l a n d  domina ted  
by a n  e x o t i c  s p e c i e s  when t h e  m a t u r e  t r ees  d i e .  K ikuyuuras s  c a n  
a l s o  b e  found a t  t h e  b a s e  o f  Halemau'u T r a i l .  
Another  s tand- form ing  e x o t i c  i s  Maui p Z 1 r a k a n i ,  a  h e r b a c e o u s  
t o  s h r u b - l i k e  member o f  t h e  Composi tae  ( D a i s y  f a m i l y ) .  I t  i s  
dominan t  i n  a r e a s  l a r g e  enough to b e  mapped and s u f f i c i e n t l y  com- 
mon t h r o u g h o u t  t h e  s t u d y  a r e a  to b e  p a r t  o f  a n  a s s o c i a t e d  s p e c i e s  
g r o u p  o n  t h e  s y n t h e s i s  t a b l e  ( s p e c i e s  g r o u p  5 ) .  The p r e s e n c e  o f  
t h i s  s p e c i e s  may be  a t  t h e  expense  o f  n a t i v e  s p e c i e s .  T h i s  p l a n t  
i s  a b u n d a n t  i n  s p i t e  o f  t h e  p a r a s i t i c  i n s e c t  P r o c e c i d o c h a r e s  
u t i l e s  S t o n e ,  i n t r o d u c e d  i n  1 9 4 4  t o  check  i t s  s p r e a d  by i n f e s t i n g  
l i v i n g  p l a n t s  w i t h  g a l l - f o r m i n g  l a r v a e .  R i c i n u s  communis L. 
( c a s t o r  b e a n )  is a  p o i s o n o u s  s p e c i e s  which forms  a  s m a l l  b u t  
d e n s e  s t a n d  i n  ~ a u g  Gap t h a t  c o u l d  s e r v e  a s  a  c e n t e r  o f  i n f e s -  
t a t i o n .  
S e v e r a l  o t h e r  p l a n t  s p e c i e s  have  b e e n  n o t e d  to o c c u r  i n  t h e  
P a r k  which may c a u s e  p rob lems  i n  t h e  f u t u r e .  lJlex e u r o p a e u s  L. 
( g o r s e )  was found n e a r  P a r k  H e a d q u a r t e r s .  I t  i s 7  s p i n y  s h r u b  
which i s  c o n s i d e r e d  an a g g r e s s i v e  s p e c i e s  w i t h  a  p o t . e n t i a 1  f o r  
w i d e s p r e a d  d i s t r i b u t i o n .  I t  i s  c u r r e n t l y  under  c o n t r o l  b u t  s t i l l  
p r e s e n t .  
C i r s i u m  v u l g a r e  ( S a v i )  Tenore  ( b u l l  t h i s t l e )  h a s  been  found 
a t   mab bin, o n  t h e  e a s t  s i d e  o f  Ko 'o lau  Cap, and i n  Pau* 
Gap. I t  p r o d u c e s  l a r g e  q u a n t i t i e s  o f  w ind -d i spe r sed  s e e d s  which 
g i v e  t h i s  s p e c i e s  t h e  p o t e n t i a l  f o r  r a p i d  d i s t r i b u t i o n .  
S c h i n u s  t e r e b i n t h i f o l  i u s  Fadd i ( c h r  i s t m a s  b e r r y )  h a s  b e e n  
found i n  Kaup5 Gap. T h i s  s p e c i e s  c a n  b e  s p r e a d  a u i c k l y  by b i r d s .  
I t  fo rms  d e n s e  s t a n d s  i n  o t h e r  a r e a s  o u t s i d e  t h e  Pa rk .  
0 u n t i a  megacantha  Salm-Dyck ( p r i c k l y  p e a r  c a c t u s )  h a s  a l s o  
been  %- o  s e r v e d  i n  Kaupo' Gap. T h i s  s p e c i e s  h a s  been  a  problem 
i n  o t h e r  a r e a s .  A moth was impor t ed  whose l a r v a e  f e e d  o n  t h i s  
s p e c i e s .  However, t h e  t h i c k  a r o w t h  o f  p r i c k l y  p e a r  i n  & n a l o p i o ,  
be low t h e  Kula a r e a ,  s t i l l  l o o k s  q u i t e  h e a l t h y  and shows l i t t l e  
e f f e c t  o f  t h i s  b i o l o g i c a l  c o n t r o l  measu re .  
S e v e r a l  g r a s s  s p e c i e s  were found i n  t h e  a r e a  which have  
a  pa t e n t i a l  f o r  f u t u r e  l a r g e - s c a l e  i n v a s i o n  b e c a u s e  o f  t h e i r  
a g g r e s s i v e  n a t u r e .  These s p e c i e s  i n c l u d e  s w e e t  v e r n a l  s r a s s ;  
Bromus r i g  i d u s  Roth ( r i p g u t g r a s s )  ; D a c t y l  is g l o m e r a t a  L. ( c o c k s -  
f o o t )  : F e s t u c a  r u b r a  L. I r e d  f e s c u e )  : Paswalum o r b i c u l a r e  Fors t .  
f .  ( r i c e g r a s s ) ;  and  a f r i c i n u s  i ~ o i r . )  Robyns & Tournay  
( A f r i c a n  d r o p s e e d )  
A l though  t h e  C r a t e r  i s  o f t e n  c o n s i d e r e d  a  l a s t  s t r o n g h o l d  
f o r  many n a t i v e  s p e c i e s ,  i n v a s i o n  o f  h a b i t a t s  by  e x o t i c  s p e c i e s  
is  a  p o t e n t i a l l y  s e r i o u s  r e s o u r c e  management problem.  S i n c e  2 3  
o f  t h e  53  mapped u n i t s  were c h a r a c t e r i z e d  by e x o t i c  s p e c i e s ,  non- 
n a t i v e  s p e c i e s  have  a  s i g n i f i c a n t  impac t  o n  t h e  v e g e t a t i o n  of t h e  
C r a t e r  D i s t r i c t .  
SUMMARY AND CONCLUS I O N S  
The ma jo r  f o c u s  o f  t h i s  s t u d y  was t h e  p r o d u c t i o n  o f  a v e s e -  
t a t i o n  map o f  t h e  C r a t e r  D i s t r i c t  o f  H a l e a k a l a  N a t i o n a l  P a r k  a t  
a  s c a l e  o f  1:24,000 which c a n  b e  used a s  an  o v e r l a y  o f  t h e  USGS 
1:  24,000 t o p o g r a p h i c  q u a n d r a n g l e  maps. F i f t y - t h r e e  s t r u c t u r a l -  
f l o r i s t i c  communi t i e s  were mapped which were g rouped  i n t o  f o u r  
s t r u c t u r a l  v e g e t a t i o n - t y p e s .  These were f o r e s t ,  s c r u b ,  g r a s s -  
l a n d ,  and h i g h  a l t i t u d e  d e s e r t  communi t i e s .  A r e a s  were c a l c u -  
l a t e d  f o r  e a c h  community u s i n g  an e l e c t r o n i c  p l a n i m e t e r .  The 
t o t a l  a r e a  mapped was 7544.8 ha ( 1 8 , 6 4 3  a c r e s ) .  
Topograph ic  v e g e t a t i o n  p r o f i l e s  were c o n s t r u c t e d  which 
show c h a n g e s  i n  v e g e t a t i o n - t y p e s  i n  r e l a t i o n  t o  c l i m a t i c  g r a -  
d i e n t s .  A l s o ,  c o r r e l a t i o n s  were o b s e r v e d  be tween  s u b s t r a t e s  and 
community- t y p e s .  
P h y t o s o c i o l o g  i c a l  a n a l y s e s  o f  r e l e v 6  ( v e g e t a t i o n  sample  
d a t a  b y  t h e  s y n t h e s i s  t a b l e  and t h e  d e n d r o g r a p h  t e c h n i g u e s  
r e s u l t e d  i n  e c o l o g i c a l l y  m e a n i n g f u l  g r o u p i n g s .  Both a n a l y s e s  
r e s u l t e d  i n  s i m i l a r  g r o u p i n g s .  D e t a i l e d  compar i son  o f  t h e  group-  
i n g s  by  t h e  two methods  r e v e a l e d  i n t e r e s t i n u  minor  v a r i a t i o n s .  
Some r e l e v b s  were l e f t  ungrouped.  These were i n t e r p r e t e d  a s  
e c o l o g i c a l l y  un ique  w i t h i n  t h e  s a m p l j  ng a r e a .  
The 10 g r o u p i n g s  from t h e  p h y t o s o c i o l o g i c a l  a n a l y s e s  d i s -  
t r i b u t e  t h e  mapped v e g e t a t i o n  u n i t s  i n t o  f l o r i s t i c a l l y  d i s t i n -  
g u i s h e d  community- types .  Ten o f  7 1 mapped v e g e t a t i o n  u n i t s  
c l a s s i f i e d  a s  f o r e s t  f i t  i n t o  t h r e e  f l o r i s t i c a l l y  d i s t i n g u i s h e d  
f o r e s t  community-types . Four f l o r i s t i c  community- types  c o n t a i n e d  
17 o f  19 mapped v e g e t a t i o n  u n i t s  c l a s s i f i e d  a s  s c r u b  communi t i e s .  
Four t e e n  mapped v e g e t a t i o n  u n i t s  c l a s s i f i e d  a s  g r a s s l a n d s  were 
d i s t r i b u t e d  i n t o  t w o  o f  f o u r  f l o r i s t i c  community- types  depend ing  
o n  t h e  a n a l y s i s  t e c h n i q u e .  The h i g h  a 1  t i t u d e  d e s e r t  community- 
t y p e  was n o t  s u b d i v i d e d  f l o r i s t i c a l l y  by  e i t h e r  a n a l y s i s  and 
i n c l u d e d  n i n e  mapped v e g e t a t i o n  u n i t s .  
I t  was c o n c l u d e d  t h a t  t h e  C r a t e r  D i s t r i c t  o f  H a l e a k a l a  
N a t i o n a l  P a r k  c o n t a i n s  mappable  u n i t s  t h a t  c a n  b e  grouped  i n t o  
f l o r i s t i c  s u b d i v  i s o n s  o f  t h r e e  o f  t h e  f o u r  community- types  cha-  
r a c t e r i s t i c  o f  t r o p i c a l  a l p i n e  and s u b a l p i n e  e c o s y s t e m s .  These  
a r e  e r i c a c e o u s  (pukiawe-  t y p e )  s c r u b ,  t u s s o c k  g ra s s ] .  and ,  and h i g h  
a l t i t u d e  d e s e r t .  Only a r b o r e s c e n t  and r o s e t t e  l i f e - f o r m s  do  not- 
o c c u r  a s  mappable  v e g e t a t i o n  u n i t s  a s  t h e y  d o  i n  o t . he r  t r o p i c a l  
h i g h  moun ta in  a r e a s .  However, t h e  endemic w o o l l y  c a n d l e - t y p e  
s p e c i e s ,  t h e  s i l v e r s w o r d ,  h a s  had i t s  d i s t r i b u t i o n  r e s t r i c t e d  due  
to  v a n d a l i s m  and g r a z i n g .  A t  o n e  t i m e  t h i s  s p e c i e s  may h a v e  been  
a  s i g n i f i c a n t  component o f  mappable  v e g e t a t i o n  u n i t s  w i t h i n  t h e  
s t u d y  a r e a .  Thus ,  t h e  f i r s t  h y p o t h e s i s  p roposed  f o r  t h i s  s t u d y  
is a t  l e a s t  p a r t i a l l y  s u p p o r t e d  by t h e  r e s u l t s ,  w i t h  a  good prob-  
a b i l i t y  t h a t  t h e  u n d i s t u r b e d  v e g e t a t i o n  c o n t a i n e d  a l l  f o u r  o f  t h e  
c h a r a c t e r i s t i c  community- types .  
I t  was a l s o  conc luded  t h a t  t h e  v e g e t a t i o n  map o f  t h e  C r a t e r  
D i s t r i c t  o f  H a l e a k a l a  N a t i o n a l  P a r k  h a s  s i m i l a r  v e g e t a t i o n  u n i t s  
and  v e g e t a t i o n - t y p e s  a s  t h o s e  mapped by Mueller-Dombois and Fos-  
be rg  ( 1974)  f o r  t h e  t r o p i c a l  a l p i n e  and s u b a l p i n e  ecosys t em o n  
t h e  s l o p e s  o f  Mauna Loa i n  Hawaii Vo lcanoes  N a t i o n a l  Pa rk .  Thus ,  
t h e  s econd  h y p o t h e s i s  t h a t  was p roposed  f o r  t h i s  s t u d y  i s  sup-  
p o r t e d  by t h e  r e s u l t s .  
A d i s c u s s i o n  o f  e n v i r o n m e n t a l  r e l a t i o n s h i p s  o f  t h e  v e g e t a -  
t i o n  showed t h a t  v a r i a t i o n  o f  t h e  v e q e t a t i o n  w i t h i n  t h e  s t u d y  
a r e a  was a s s o c i a t e d  w i t h  v a r i a t i o n s  i n  c l i m a t e ,  s u b s t r a t e ,  
m e c h a n i c a l  i n f l u e n c e s ,  and t h e  e f f e c t s  o f  e x o t i c  p l a n t  s p e c i e s .  
C l  i m a t e  d i a g r a m s  showed t h e  t r o p i c a l  h i g h  moun ta in  c h a r a c t e r  o f  
t h e  s t u d y  a r e a ,  w h i l e  t h e y  i l l u s t r a t e d  a l s o  t h e  c o n s i d e r a b l e  aeo -  
g r a p h i c  v a r i a t i o n  o f  c l i m a t e  w i t h i n  t h e  C r a t e r  a s  w e l l  a s  i t s  
s e a s o n a l  v a r i a t i o n .  I t  was c o n c l u d e d  t h a t  t h e  d i u r n a l  ( d a i l y )  
f r o s t  boundary  s h o u l d  b e  used t o  d e f i n e  t h e  l ower  l i m j t  o f  t h e  
a l p i n e  zone i n  t r o p i c a l  h i g h  moun ta in  a r e a s ,  a s  h a s  been  done  by  
Mueller-Dombois and K r a j  i n a  ( 1968)  f o r  Mauna Loa and Mauna Kea. 
T h i s  d e m a r c a t i o n  i m p l i e s  t h a t  t h e  s u b a l p i n e  zone b e  d e f i n e d  a s  
t h o s e  a r e a s  be low t h e  d i u r n a l  f r o s t  boundary  and above  t h e  mon- 
t a n e  f o r e s t s  and g r a s s l a n d s .  
The 10 s o i l  s a m p l e s  t e s t e d  were c h a r a c t e r i l e a  by h i g h  
o r g a n i c  c a r b o n  c o n t e n t ,  low pH, and r e l a t i v e l y  h i g h  v a l u e s  f o r  
f i e l d  c a p a c i t y  and permanent -wi l  t i n g  p e r c e n t a g e .  S e v e r a l  c o r r e -  
l a t i o n s  be tween  v a r i a t i o n  i n  s u b s t r a t e  and v a r i a t i o n  i n  sub- 
community-type may v a r y  w i t h i n  a  g i v e n  s u b s t r a t e  t y p e .  T t  was 
c o n c l u d e d  t h a t  a 1  t h o u g h  v a r i a t i o n  o f  v e g e t a t i o n  and  s u b s t r a t e  
a r e  o f t e n  c o r r e l a t e d ,  a l l  a s p e c t s  o f  t h e  e n v i r o n m e n t  m u s t  b e  
c o n s i d e r e d  i n  a s s e s s i n g  t h e  d i s t r i b u t i o n  o f  v e g e t a t i o n .  T h u s ,  
a l t h o u g h  d i f f i c u l t ,  i t  i s  p o s s i b l e  t o  s u g g e s t  wha t  n a t i v e  com- 
muni t y - t y p e  would  o c c u r  i n  a l l  s e v e r e l y  d i s t u r b e d  a r e a s .  
The  Hypo t h e t i c a l  Pre-Cook V e g e t a t i o n  
The o b s e r v a t i o n s  o f  t h e  i m p a c t  o f  m e c h a n i c a l  f a c t o r s  a n d  
e x o t i c  p l a n t  species o n  t h e  e n v i r o n m e n t  l e a d  to  t h e  c o n c l u s i o n  
t h a t  t h e  C r a t e r  h a s  b e e n  s e v e r e l y  a l t e r e d  s i n c e  '778. I t  c a n  be 
c o n s i d e r e d  a  d e g r a d e d  e c o s y s t e m .  J t  i s  t h e r e f o r e  t e m p t i n a  to 
s p e c u l a t e  a b o u t  how t h e  v e g e t a t i o n  may h a v e  l o o k e d  b e f o r e  t h e  
a r r i v a l  o f  w e s t e r n  c i v i l i  z a t i o n .  The most o b v i o u s  d i f f e r e n c e  
from t h e  p r e s e n t  v e g e t a t i o n  would be t h e  c c m p l e t e  a b s e n c e  o f  
t h e  e x o t i c  s p e c i e s  b r o u g h t  h e r e  s i n c e  C a p t a i n  C o o k ' s  a r r i v a l .  
One o f  t h e  most w i d e s p r e a d  i m p l i c a t i o n s  o f  t h i s  would  be t h a t  
D e s c h a m p s i a  a u s t r a l i s ,  t h e  d o m i n a n t  n a t i v e  q r a s s  i n  t h e  a r e a ,  
may h a v e  d o m i n a t e d  i n  g r a s s l a n d  a r e a s  a n d  i n  t h e  g r a s s  m a t r i x  
o f  o t h e r  s t r u c t u r a l  v e g e t a t i o n - t y p e s .  I n  terms o f  t h e  map ,  t h e  
s y m b o l  i n d i c a t i n g  v e l v e t g r a s s  ( H l )  a s  a  c o m p o n e n t  o f  t h e  v e g e t a -  
t i o n  would  d i s a p p e a r  and  p r e s u m a b l y  b e  r e p l a c e d  b y  t h e  symbol f o r  
D e s c h a m p s i a  ( D ) .  The same is  i m p l i e d  f o r  t h e  mixed  g r a s s  symbol 
( m x )  and t h e  symbol  f o r  k i k u y u c j r a s s  ( P e )  , a l t h o u g h  t h i s  l a s t  
s p e c i e s  may b e  r e p l a c i n g  o t h e r  v e g e t a t i o n - t y p e s  a s  d i s c u s s e d  
p r e v i o u s l y .  Map s y m b o l s  f o r  o t h e r  e x o t i c  s p e c i e s  t h a t  would  b e  
d e l e t e d  i n c l u d e  t h o s e  f o r  Maui p a ' m a k a n i  ( E u )  and i n t r o d u c e d  
t r e e s  ( i t ) .  
The a b s e n c e  o f  g r a z i n g  p r e s s u r e  b y  d o m e s t i c  and f e r a l  a n i -  
m a l s  h a s  s e v e r a l  imp1 i c a t i o n s .  The most o b v i o u s  d i  f  f e r e n c e  from 
t h e  p r e s e n t  s i t u a t i o n  would  b e  t h a t  a l l  v e g e t a t e d  a r e a s  would  
h a v e  had  more c o v e r .  Even o p e n  s c r u b  a r e a s  would  n o t  o n l y  h a v e  
had  somewhat  i n c r e a s e d  woody c r o w n  c o v e r  b u t  a l s o  i n c r e a s e d  c o v e r  
f o r  t h e  g r a s s  m a t r i x  s i n c e  t h e  a s s o c i a t e d  e f f e c t s  o f  g o a t  g r a z i n g  
(Yocum 1967 ) would h a v e  b e e n  a b s e n t .  ~ i m i l a r l y ,  o p e n  ~ e s c h a m p s i a  
g r a s s l a n d s  o n  d r y  s i t e s  a l s o  may h a v e  had  a  more complete c o v e r .  
O b s e r v e d  r e a c t i o n s  to  g r a z i n g  p r e s s u r e  and  to  t h e  r e m o v a l  of  
g r a z i n g  p r e s s u r e  o n  mzmane ( L a r s o n  1969 ) and k o a  ( ~ u e l l e r - n o m h o i s  
1967;  B e r g e r  e t  a l .  1976;  C u d d i h y  1 9 7 8 )  i n d i c a t e  t h a t  t h e s e  t w o  
s p e c i e s  p r o b a b l y  were much more w i d e s p r e a d  a t  o n e  time, e a c h  
f o r m i n g  woody c o m m u n i t i e s  s c a t t e r e d  t h r o u g h o u t  t h e  C r a t e r .  1 n  
f a c t ,  the s c a t t e r e d  o c c u r r e n c e  o f  many n a t i v e  s p e c i e s  i n  p r o -  
t e c t e d  s i t es  t h r o u g h o u t  t h e  P a r k  ( B e r g e r  e t  a l .  '976;  Stemmermann 
e t  a l .  1 9 7 9 )  i n d i c a t e s  t h a t  many a r e a s  p r o b a b l y  had  more d i v e r -  
s i f i e d  s p e c i e s  c o m p o s i t i o n s  t h a n  a t  p r e s e n t .  R u h l e  ( 1 9 5 9 )  r e f e r s  
t o  Pock  ( 1 9 1 3 )  when h e  d e s c r i b e s  P u ' u  N i a n i a u  n e a r  t h e  P a r k  
e n t r a n c e  o n  t h e  n o r t h w e s t  o u t e r  s l o p e  a s  f o r m e r l y  b e i n g  t h i c k l y  
c o v e r e d  w i t h  mamane and  ' Z k a l a  and  c o n t a i n i n a  r a r e r  a s s o c i  a t e s  
w h i c h  i n c l u d e d  N e u r o p h y l l o d e s  sp.  ( a  t ree  g e r a n i u m ) ,  t ree  R a i l l i -  
a r d i a ,  A r q y r o x i p h i u m  v i r e s c e n s  Hbd. ( g r e e n s w o r d ) ,  a n d  a t ree  
l o b e l i a ,  C l e r m o n t i a  h a l e a k a l e n s i s  Rock.  A r t e m i s i a  m a u i e n s i s  
( G r a y )  S k o t t s b .  (Maui wormwood), a  s i l v e r y  c o l o r e d  r e 1  a t i v e  o f  
s a g e b r u s h ,  p r o b a b l y  had a  much w i d e r  d i s t r j b u t i o n  and a  h i g h e r  
p r o p o r t i o n  o f  c o v e r  i n  s c r u b  communi t i e s  s i n c e ,  a l t h o u g h  now 
r a r e ,  i t  c a n  b e  o b s e r v e d  growing  v i g o r o u s l y  i n  s c r u b  a r e a s  t h a t  
a r e  p r o t e c t e d  from g o a t s .  The s i l v e r s w o r d  a t  o n e  time was prob-  
a b l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  a r e a ,  b o t h  i n s i d e  t h e  C r a t e r  and 
o n  t h e  o u t e r  s l o p e s  ( R u h l e  1959; L a r s o n  1969; Kobayashi  ' 9 7 3 ) .  
T h e r e f o r e ,  i t  was o n c e  a  more common component o f  t h e  v e g e t a t i o n  
o f  t h e  a r e a .  
The r a r e  b u t  g e o g r a p h i c a l l y  w idesp read  o c c u r r e n c e  o f  t r e e  
s p e c i e s  may a l s o  have  i m p l i c a t i o n s  f o r  t h e  pre-Cook v e g e t a t i o n .  
These  s p e c i e s  i n c l u d e  P i t t o s p o r u m  c o n f e r t i f o l i u m  Gray  ( h o '  awa) , 
San ta lum h a l e a k a l a e  Hbd. ( H a l e a k a l a  s a n d a l w o o d ) ,  p l u s  t h e  t ree  
s p e c i e s  n o t e d  above  a s  f o r m e r l y  found o n  P u l u  N i a n i a u .  T h e s e ,  
t o g e t h e r  w i t h  a  more e x t e n s i v e  d i s t r i b u t i o n  and c o v e r  f o r  rnamane 
and k o a ,  i n d i c a t e  t h a t  t r ee  s p e c i e s  p r o b a b l y  had g r e a t e r  popula-  
t i o n s  i n  t h e  p a s t .  G r e a t e r  t ree  p o p u l a t i o n  d e n s i t y  may have  
t a k e n  t h e  form o f  s m a l l  s t a n d s  o f  f o r e s t  s c a t t e r e d  t h r o u g h o u t  t h e  
s t u d y  a r e a  on  s i tes  t h a t  a r e  e n v i r o n m e n t a l l y  s u i t e d  t o  t h e i r  
deve lopmen t .  Such a r e a s  do  e x i s t ,  a l t h o u g h  p r o b a b l y  now a s  
r e l i c t s ,  f o r  example ,  t h e  s m a l l  k ipuka  j u s t  s o u t h  o f  ' O 1 i l i p u l u .  
T h u s ,  what  is  now t h e  C r a t e r  D i s t r i c t  o f  H a l e a k a l a  N a t i o n a l  
Pa rk  p r o b a b l y  o n c e  s u p p o r t e d  a  v e g e t a t i o n  t h a t  had a more com- 
p l e t e  c o v e r  t h a n  a t  p r e s e n t  e x c e p t  where l i m i t e d  by s u b s t r a t e  or  
c l i m a t i c  f a c t o r s .  T h i s  v e g e t a t i o n  was composed o f  u n d i s t u r b e d  
t u s s o c k  g r a s s l a n d s  domina ted  by  Deschampsia a u s t r a l  i  s ,  s c r u b  com- 
m u n i t i e s  composed o f  a  w i d e r  d i v e r s i t y  o f  s p e c i e s  i n c l u d i n q  t h e  
s i l v e r y  Maui wormwood and s i l v e r s w o r d ,  p l u s  s m a l l  s t a n d s  o f  
f o r e s t  s c a t t e r e d  t h r o u g h o u t  t h e  a r e a  composed o f  a  v a r i e t y  o f  
n a t i v e  t r e e s .  
S u g g e s t i o n s  F o r  F u r t h e r  S t u d y  
The above  d i s c u s s i o n  o f  t h e  h y p o t h e t i c a l  pre-Cook v e g e t a t i o n  
s u g g e s t s  t h a t  t h e  a u t e c o l o g y  o f  b o t h  n a t i v e  and e x o t i c  s p e c i e s  
s h o u l d  b e  s t u d i e d .  Such s t u d i e s  would i n d i c a t e  t h e  e n v i r o n m e n t a l  
o p t i m a  and t h u s  t h e  a r e a s  where n a t i v e  s p e c i e s ,  now r e s t r i c t e d  i n  
t h e i r  d i s t r i b u t i o n ,  p r o b a b l y  grew a t  o n e  t i m e .  A l s o ,  f u r t h e r  
s t u d y  o f  t h e  env i r o n m e n t a l  r e l a t i o n s h i p s  o f  e x o t i c  s p e c i e s  may 
i n d i c a t e  l i m i t a t i o n s  o f  t h e s e  s p e c i e s  t h a t  c o u l d  b e  used t o  make 
more p r e c i s e  p r e d i c t i o n s  o f  t h e i r  f u t u r e  deve lopmen t  i n  t h e  P a r k .  
S p e c i e s  i n t e r a c t i o n s ,  p a r t i c u l a r l y  be tween  n a t i v e  and i n v a d i n a  
e x o t i c  s p e c i e s ,  s h o u l d  a l s o  b e  s t u d i e d  more f u l l y .  These  r e s u l t s  
would a i d  t h e  management o f  t h e  P a r k  t o  a c h i e v e  i t s  o b j e c t i v e  o f  
r e s t o r a t i o n  and m a i n t e n a n c e  o f  n a t i v e  e c o s y s t e m s .  
S u c c e s s i o n a l  s t u d i e s  o f  d i s t u r b e d  a r e a s  would a l s o  h e l p  i n  
management d e c i s i o n s .  I n  d i s t u r b e d  a r e a s ,  t h e  o r i a  j n a l  e n v i r o n -  
m e n t a l  and b i o t i c  c o n d i t i o n s  may h a v e  changed .  Thus ,  r e i n t r o -  
d u c t i o n  o f  s p e c i e s  f o r m e r l y  o c c u r r i n g  on  t h e  s i t e  may meet w i t h  
f a i l u r e  i f  t h e  c o n d i t i o n s  a r e  n o t  w e l l  u n d e r s t o o d .  A s e c o n d a r y  
s u c c e s s i o n  o f  p l a n t  s p e c i e s  may be  n e c e s s a r y  t o  r e s t o r e  t h e  
e n v i r o n m e n t a l  c o n d i t i o n s  needed  f o r  t h e  m a i n t e n a n c e  o f  t h e  p re -  
d i s t u r b a n c e  ecosys t em.  T h i s  may b e  t h e  c a s e  i n  many a r e a s  t h a t  
have  been  e r o d e d  due  t o  d i s t u r b a n c e  by f e r a l  a n i m a l s .  
The e n v i r o n m e n t a l  f a c t o r s  t h a t  d e t e r m i n e  where a  p a r t i c u l a r  
p l a n t  community o c c u r s  s h o u l d  a l s o  b e  s t u d i e d .  Some o f  these  
f a c t o r s  have  been  i n d i c a t e d  i n  t h i s  s t u d y .  However, d e t a i l e d  
c l i m a t i c  and e d a p h i c  d a t a  a r e  needed to f u l l y  e l u c i d a t e  t h e  
dynamics  o f  t h e  r e l a t i o n s h i p s  be tween  t h e  p l a n t  c o r m u n i t i e s  and 
t h e i r  env i ronmen t .  Of p a r t i c u l a r  i n t e r e s t  would be  t h e  c l i m a t o -  
l o g i c a l  l o c a t i o n  o f  t h e  d i u r n a l  f r o s t  bounda ry ,  i t s  s e a s o n a l  
v a r i a t i o n ,  and  f u r t h e r  e l u c i d a t i o n  o f  i t s  e f f e c t s  o n  t h e  d i s t r i -  
b u t i o n  o f  b o t h  p l a n t  communi t i e s  and i n d i v i d u a l  p l a n t  s p e c i e s .  
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APPENDIX I 
S p e c i e s  L i s t  o f  P l a n t s  Found i n  ~ e l e v ;  S i t e s  
S p e c i e s  l i s t  o f  p l a n t s  found i n  r e l e v 6  ( v e g e t a t i o n  s a m p l e )  
s i t e s  i n  t h e  C r a t e r  D i s t r i c t  o f  H a l e a k a l a  N a t i o n a l  Pa rk  a r r a n a e d  
by f a m i l y .  Nomencla ture  o f  t h e  f l o w e r i n g  p l a n t s  f o l l o w s  S t .  John  
( 1973 ) . Nomencla ture  o f  t h e  mosses  f o l l o w s  Hoe ( 1974 ) . Names o f  
t h e  o t h e r  non- f lower ing  p l a n t s  a r e  a c c o r d i n g  t o  s e v e r a l  unpub- 
l i s h e d  s o u r c e s  t h a t  l i s t  v a l i d l y  p u b l i s h e d  names. Meanina o f  
symbo l s  p r e c e d i n g  s p e c i e s  names: E = endemic ,  1 = I n d i g e n o u s ,  
and X = e x o t i c .  
FAMILY 
S c i e n t i f i c  Name 
FLOWERING PLANTS 
Monocoty ledons  
CYPERACEAE 
E Carex  a l l i g a t a  F. Boott 
I Carex  m a c l o v i a n a  v a r .  s u b f u s c a  ( W .  Boott)  Kuek. 
E Carex  wahuens i s  C.  A.  Mey. 
I C p e r u s  b r e v i f o l i u s  ( R o t t b . )  Hassk .  
E -%- Mac a e r i n a  g a h n i a e f o r m i s  (Gaud.)  Kern 
I U n c i n i a  u n c i n a t a  ( L .  f . )  Kuek. 
GRAMINEAE 
A g r o s t i s  s a n d w i c e n s i s  Hbd . 
A i r a  c a r  o p h y l l e a  L. 
A n t h o x a n t  +um o  o ra tum L. 
Bromus r i g i d u s  Roth 
D a c t y l i s  g l o m e r a t a  L. 
Dan thon ia  s e m i a n n u l a r i s  ( L a b i l l . )  R .  B r  . 
Deschampsia a u s t r a l  i s  Nees ex  S t e u d .  
E r a g r o s t i s  v a r i a b i l i s  (Gaud. )  Pbd. 
F e s t u c a  m e g a l u r a  N u t t .  
H o l c u s  l a n a t u s  L. 
Pennise tum c l a n d e s t i n u m  Hochs t .  e x  Chiov.  
Poa p r a t e n s i s  L. 
-
Rhynchelytrum r e p e n s  ( W i l l d . )  C .  E .  Hubb. 
S p o r o b o l u s  a f r  i c a n u s  ( P o i r  . )  Robyns & Tournay 
T r i s e t u m  qlomeratum ( K u n t h )  T r i n .  i n  S t e u d .  
J U N C A C E A E  
E Luzu la  h a w a i i e n s i s  Buch. v a r .  h a w a i i e n s i s  
L I L I A C E A E  
E A s t e l i a  f o r b e s i i  S k o t t s b .  
Appendix I - -Cont inued .  
FAMILY 
S c i e n t i f i c  N a m e  
D i c o t y l e d o n s  
ARALIACEAE 
E Che i rodendron  tr  igynum (Gaud. ) Heller 
CARYOPHYLLACEAE 
X C e r a s t i u m  vulga tum L. 
X P o l y c a r p o n  t e t r a p h y l l u m  ( L . )  L .  
X S i l e n e  g a l l i c a  L. 
COMPOS JTAE 
B i d e n s  p i l o sa  L. 
C i r s i u m  v u l g a r e  ( S a v i )  Tenore  
E r i a e r o n  b o n a r i e n s i s  L.  
E U ~ ~  t o r  i um adenophorum Spreng  . 
Gnaphal  i u m  purpureum L. 
G n a ~ h a l  i u m  sandwicensium Gaud. 
- 
H y p o c h a e r i s  r a d i c a t a  L. 
Lapsana  cornmunis L. 
R a i l l i a r d i a  m e n z i e s i i  Gray 
R a i l l i a r d i a  p l s t y p h y l l a  ~ r a ~  
Sonchus  oleraceus L. 
Tetramolopium humi le  ( G r a y )  Hbd. v a r .  h u m i l e  
EPACRIDACEAE 
I S t y p h e l i a  tameiameiae (Cham.) F. Mue l l .  
E R I C A C E A E  
E Vaccinium b e r b e r i f o l i u m  ( G r a y )  S k o t t s b .  
E Vaccinium ca lyc inum Sm. 
E Vaccinium r e t i c u l a t u m  Sm. 
GENTIANACEAE 
X C e n t a u r  ium e r y t h r a e a  Rafn . 
GERANIACEAE 
E Geranium cuneatum v a r .  t r i d e n s  (Hbd. )  Fosb.  
LABIATAE 
E S t enogyne  c r e n a t a  Gray 
LEGUM INOSAE 
E Acac ia  koa Gray 
E S o p h o r a c h r y s o p h y l l a  ( S a l i s b .  ) Seem. 
Appendix I - -Cont inued.  
FAMILY 
S c i e n t i f i c  N a m e  
D ico ty l edons - -  (con'  t . ) 
LYTHRACEAE 
X Lythrum marit imum HBK. 
MENISPERMACEAE 
E C o c c u l u s  f e r r a n d i a n u s  Gaud. 
MYRS INACEAE 
E Myrs ine  l a n a i e n s i s  Hbd. v a r  . l a n a i e n s i s  
MYRTACEAE 
E M e t r o s i d e r o s  c o l l i n a  ( J .  P. & G .  F o r s t . )  Gray  
ONAGRACEAE 
X E i l ob ium c ine reum A .  R ich .  
X 9-7i- Oenot  e r a s t r i c t a  Ledeb. i n  L ink  
PIPERACEAE 
E Peperomia e r y t h r o c l a d a  C.  DC. 
PLANTAGINACEAE 
X P l a n t a g o  l a n c e o l a t a  L. 
POLYGONACEAE 
X Rumex a c e t o s e l l a  L. 
PRIMULACEAE 
X A n a g a l l i s  a r v e n s i s  L. 
E Lys imachia  s p .  
ROSACEAE 
E F r a g a r i a  c h i l o e n s i s  v a r .  s a n d w i c e n s i s  
E Osteomeles a n t h v l  i d i f o l i a  L i n d l  . 
Deg. & Deg. 
- 
E Rubus h a w a i i e n s i s  Gray v a r .  h a w a i i e n s i s  
X Rubus r o s a e f o l i u s  Sm. 
RUB I A C E A E  
E Coprosma e r n o d e o i d e s  v a r  . m a u i e n s i s  St. 
E Coprosma montana Hbd. 
E C o ~ r o s m a  o c h r a c e a  O l i v e r  v a r .  o c h r a c e a  
. 
E Gou ld i a  h i l l e b r a n d i  i Fosb. 
SAPINDACEAE 
E Dodonaea e r i o c a r p a  Sm. 
UMBELLIFERAE 
E S a n i c u l a  s a n d w i c e n s i s  Gray v a r .  
John 
s a n d w i c e n s i s  
A p p e n d i x  I - - C o n t i n u e d .  
FAMILY 
S c i e n t i f i c  Name 
D i c o t y l e d o n s -  
VERBENACEAE 
X V e r b e n a  l i t o r a l i s  HBK. 
FERNS AND FERN ALLIES 
ADIANTACEAE 
I P e l l a e a  t e r n i f o l i a  ( C a v . )  L i n k  
I P t e r i s  c r e t i c a  L. 
I M i c r o l e p i a  s p e l u n c a e  (L.1 Moore 
X pityrog;amrna- ca lomelanos ' ( l .  ) L i n k  
ASPIDIACEAE 
A t h y r i u m  m i c r o p h y l l u m  (Sm.)  A 
D r y o p t e r i s  g l a b r a  ( B r a c k .  ) K t  
D r y o p t e r  is  p a r a l l e l o g r a m a  ( K t  
D r y o p t e r i s  u n i d e n t a t a  (Hook.  
D r y o p t e r i s  p a l e a c e a  (Sw. ) C .  
1 st0 
z e  . 
z e .  ) 
& A r  
C h r .  
E l a p h o g l o s s u m  h i r t u m  v a r .  m i c a n s  
P o l v s t i c h u m  h i l l e b r a n d i i  C a r r u t h .  
ASPLENIACEAE 
I A s p l e n i u m  a d i a n t u m - n i g r u m  L .  
E A s p l e n i u m  m a c r a e i  Hk. & G r e v .  
I A s p l e n i u m  t r i c h o m a n e s  L. 
A l s t o n  
n . )  C. C h r .  
(Mett . )  C .  C h r .  
BLECHNACEAE 
E S a d l e r i a  c y a t h e o i d e s  K a u l f .  
DAVALLIACEAE 
I N e p h r o l e p i s  e x a l  t a t a  ( L .  ) S c h o t t  
DENNSTAEDTIACEAE 
E P t e r i d i u m  a q u i l i n u m  v a r .  d e c o m p o s i t u m  ( G a u d . )  T r y o n  
LYCOPODIACEAE 
I Lycopodium v e n u s t u l u m  Gaud.  
POLYPODIACEAE 
I P l e o p e l t i s  t h u n b e r g i a n a  K a u l f .  
E Po lypod ium p e l l u c i d u m  K a u l f .  
Appendix I - -Cont inued .  
FAMILY 
S c i e n t i f i c  N a m e  
MOSSES 
GR IMMIACEAE 
I R a c o m i t r i u m  lanuqinosum v a r .  p ru inosum W i l s .  i n  Hook. f. 
THUIDIACEAE 
E Thuidjum p l i c a t u m  M i t t .  v a r .  p l i c a t u m  
LICHENS 
CLADONIACEAE 
E C l a d o n i a  l e i o d e a  Magn. 
STEREOCAULACEAE 
I S t e r e o c a u l o n  r a m u l o s u m  (Sw. ) Raeusch.  
I S t e r e o c a u l o n  v u l c a n i  ( B o r y )  Ach. 
USNEACEAE 
I Usnea r u b i c u n d a  S t i r t .  
APPENDIX I1 
S o i l  P i t  D e s c r i p t i o n s  
S o i l  p i t  d e s c r i p t i o n s  from t h e  C r a t e r  D i s t r i c t  o f  H a l e a k a l a  N a t i o n a l  P a r k .  F 1 1  
p a r a m e t e r s  a r e  from f i e l d  d e t e r m i n a t i o n s .  
R e l e v e  # Depth 
& Map U n i t  Hor izon  ( c m )  C o  lor T e x t u r e  S t r u c t u r e  C o n s i s t e n c y  
6  A ,  0-1 1 d a r k  brown loam crumb f r  i a b l e  
A 11-23 d a r k  brown l o  am crumb f i r m  
c n s ( m x )  B 23-67 brown loam u n s  tr uc t u r  ed f i r m  
C 67 yellow-brown c lay- loam b l o c k y  v .  f i r m  w/rocks 
maximum d e p t h  72 
9 A 0-30 b l a c k  c i n d e r  un s tr uc t u r  ed f r i a b l e  
E 30 b l a c k  c i n d e r  u n s t r u c t u r e d  f i r m  
n s  ( So-mx ) max imum d e p t h  80 
11 A ,  0- 13 yellow-brown loamy-pea t crumb f r i a b l e  
A 13 d a r k  brown sandy-loam u n s t r u c t u r e d  f r i a b l e  
cmx maximum d e p t h  8 2  
2 4  A ,  0-10 d a r k  brown loam 
A '0-25 d a r k  brown loam 
m x ( n s )  B 25 d a r k  brown w/ l o  am 
yellow-brown 
p a t c h e s  
maximum d e p t h  60  
crumb 
crumb 
b l o c k y  
f r i a b l e  
f i r m  
f i r m  
25 A 0-7 d a r k  brown loam crumb f r i a b l e  
B 7-45 r u s t - b r o w n  sandy-loam crumb f i r m  
OM-So ( n s  ) C 45 c o m p a c t e d ( r o c k )  
maximum d e p t h  .? 5 
27 A 0-18 d a r k  brown loamy-pea t  crumb 
B 78 r u s t - b r o w n  loam crumb 
oM(ns )  maximum d e p t h  65  
f r i a b l e  
f r i a b l e  
28 A 1  0- 10 grey-brown p e a t y  crumb f r i a b l e  
A 70-23 b l a c k  l o  a m  crumb f r i a b l e  
c D  B 33-40 brown sandy-loam crumb f r i a b l e  
C 40 brown sandy-loam u n s t r u c  t u r e d  f i r m  w/ rocks  
maximum d e p t h  60 
29 A 0-1 0 b l a c k  l o  am crumb 
B 10-40 d a r k  brown l o  am crumb 
c D  C 40 r e d d  ish-brown c l a y - l o a m  b l o c k y  
maximum d e p t h  40 
f r i a b l e  
f r i a b l e  
compac ted  
37 A 0-1 1 d a r k  brown loam 
B 1 1 brown loam 
c Dd-Ac maximum d e p t h  50 
crumb f r i a b l e  w/ rocks  
crumb f i r m  w/ rocks  
38  
c n s  
-- too r o c k y  f o r  s o i l  p i t  d e s c r i p t i o n  -- 






